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PERFECT CIRCLE PISTON RINGS ARE INSTALLED 
PAM me a aa 
OF VEHICLES AND ENGINES. AND, AT THE 1961 
CER Me eet RACE, WINNER DAVID 
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WHY THE “PROS” PREFER PERFECT CIRCLE PISTON RINGS: 


PC IS FIRST 


To select the proper ring alloys for varying engine 
needs, and to maintain them accurately in produc 
tion, Perfect Circle employs a complete staff of metal- 
lurgists equipped with the latest testing facilities. 


Precise instruments such as the spectrograph play 
an important role in analyzing work in process. 
When a ring sample is placed in the spectrograph, 
the percentage of each metal in the alloy registers 
instantly on the dials for comparison with engineer- 
ing specifications. 

By carefully controlling the amount of chromium, 
molybdenum, copper, manganese and other metals 
added to the basic ring iron, PC metallurgists build 
in special life-lengthening characteristics to fit the 
application. It’s another reason why Perfect Circle 
rings are preferred by so many leading engine and 
vehicle manufacturers. 


For rings that are custom made to your engine 
requirements, contact your PC representative. 


PERFECT (/ CIRCLE 


PISTON RINGS * PRECISION CASTINGS * SPEEDOSTAT * ELECTRONIC PROGRAMING EQUIPMENT 
Hagerstown, indiana « Don Milis, Ontario, Canada 
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Recent heavy-duty-vehicle developments 


New developments in engines, steering, suspension systems, and trans- 
missions for heavy-duty vehicles are described in the following five 
articles. 


Sleeve-deck construction for small tractor engines .. 32 


John Deere turns to sleeve and deck construction for its new line 
of small engines for tractors and implements. Principle allows for 
larger engine in given dimensional envelope and has production ad- 
vantages. (Paper No. 395A) — Willard H. Nordenson and Russell 
Candee 


New power steering features increased flexibility ... 41 


The full-power power steering system developed by John Deere for 
its 3000 and 4000 series tractors allows the steering wheel to be 
mounted in different positions, without change in the subassemblies. 
(Paper No. 400B) — E. H. Fletcher 


Versatile suspension for military crawler tractor .... 48 


System provides control of vehicle height and tilt with suspension 
in unsprung condition, in addition to usual features. (Paper No. 
399B) — R. K. Reynolds and E. Mayer 


Tractor transmission with on-the-go shifts 


The MF-65 ““Multipower” transmission developed by Massey-Fer- 
guson for farm tractors was designed to have a continuous power 
flow through the drive train, plus a smooth shift at all loads and 
speeds. (Paper No. 391A) —L. E. Elfes 


Oliver’s new “1800” tractor engine 


Oliver’s new 1800 gasoline engine is the result of applying to their 
basic Super 88 gasoline engine the concepts developed on the XO-121 
engine — a 12/1 compression ratio experimental engine, which gave 
exceptional performance and fuel economy. (Paper No. 395B) — 
T. H. Morrell and K. S. Minard 


Electronics industry gears for mass auto penetration .... 69 


Driverless vehicles, collision-proof highways, glove-compartment tele- 
phones are all forecast for the 1970’s. ‘(Paper No. 390A) —Arthur J. 
Runft 


PAA looks back at the 707 


Nearly 3 years of operation have shown that jet aircraft promise to 
achieve standards of mechanical and operational reliability better than 
anything approached by piston aircraft. Here are some of the experi- 
ences of the men who fly them. (Paper No. S309) — R. W. Blake 


Underwater ramjets may drive subs faster 


Future submarines may be propelled by underwater ramjet systems 
similar to the aerodynamic ramjet. Such a system is being studied in 
the hope of developing faster underwater vehicles than conventional 
propeller systems. — D. S. Hacker and P. Lieberman 


Teach engineers to design better with adhesives 


The rapid advances in adhesive technology are resulting in materials 
that have been proved; their use now depends, in part, upon providing 
the design engineer with a basic understanding of the capabilities of 
adhesives. Adhesive Bonding Training Programs pay dividends in re- 
duced costs, fewer production worries, and improved quality. — James 
E. Austin and Lloyd C. Jackson 
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Ordnance wants multifuel engines 


Diesel can be converted to provide fuel economy and omniverous ca- 
pacity demanded by logistics. (Paper No. S303) — James C. Emanuel 


New brake rating test guides brake choice 


A brake rating test procedure and a formula relating brake rating to 
vehicle gross weight has been developed by a joint brake committee of 
the AMA-TTMA (Automobile Manufacturers Association-Truck Trailer 
Manufacturers Association). The test objective is to determine the num- 
ber of brake snubs which can be made in a specified period of time, while 
maintaining specified deceleration and stopping distance requirements. 
With a maximum number of snubs established, the horsepower rating 
can be established. (Paper No. 364B) — D. Paul Fisher 


Subs may swim like fish 


Fish may show the Navy how to solve the propulsion-machinery-sys- 
tem noise problem in underwater craft. By studying the various aspects 
of sea-animal locomotion it is hoped that ways to radically improve noise 
characteristics will emerge. New approaches such as this probably hold 
the only hope of meeting the Navy’s needs, as marginal improvements 
are all that can be expected in the intrinsically limited existing systems 
(Paper No. S307) — John H. Harrison 


Miniaturized fluid controls make moving parts passe ... 91 


Miniaturized fluid control subsystems are being built from digital and 
logic components having no moving mechanical parts. New design and 
production techniques will provide these components and systems for re- 
search and development programs in pure fluid systems.—Dr. R. E. 
Bowles 


Sophisticated fabrication methods build B-70's 


Unusual, new fabricating techniques are being used on the Air Force 
2000-mph B-70 Valkyrie. Among these are: sciaky boom and “burn- 
through” welding, brazed sleeve couplings, and “‘skate” machining. (Pa- 
per No. S308) — Latham Pollock 


Distortion improves thrust washer performance 


Advocates of super-flat washers for automatic transmissions might do 
well to review flatness specifications in the light of recent test results. 
The poorest washer performance was offered by the ground and lapped 
specimens. The performance of every set of purposely distorted washers 
was superior to the control set. (Paper No. 359E) — William A. Wein- 
kamer 


Wet friction measured in steady-state test 


New test fixture measures wet friction characteristics of materials 
used in automatic transmissions. (Paper No. 363A) —G. R. Smith, 
V. J. Jandasek, S. R. Sprague, and R. B. Singer 


Space age materials get statistical testing 


New statistical techniques are being used to help solve spec-writing 
problems by the recently created SAE Refractory Materials Committee. 
The new techniques are being applied to a wide range of new materials 
for which SAE Aerospace Materials Specifications are being written. — 
W. C. Schulte and D. K. Hanink 


SAE aerospace reports hit 1300 mark 


This is the second digest-listing of new and revised SAE reports to 
appear as a monthly service to SAE Journal readers. It consists of the 
74 aerospace reports approved since January, 1961. 
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Preignition mechanism in 2-stroke S. |. en- 
gines (Paper No. 371B) 


VTOL progress demands special engine de- 
sign (Paper No. 337B) 


Carburetor throttle body deposits cut fuel 
economy (Paper No. 379D) 


CRC issues octane ratings for 1960 cars 
(CRC 353) 


Army ordnance seeks all-purpose brake 
fluid (Paper No. C2) 


Zinc primers slow passenger-car corrosion 


How to insure die casting success (Paper 
No. 389C) . 


Malleable iron rings cause cylinder scuffing 
(Paper No. 373A) 


Magnetic fields fabricate parts 


Tests for transmission fluids up-dated by 
CRC (CRC 352) 


Editorial 


News ....... (Contents) 109 


READERSHIP 
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The Society is not responsible for statements or 
opinions advanced in papers or discussions at its 
meetings or in articles in SAE Journal. 


A complete index of all Journal technical arti- 
cles, from January through December, wil! ap- 
pear in the December issue. All Journal technical 
articles are indexed by Engineering Index, Inc. 
SAE Journal is available on microfilm from Uni- 
versity Microfilms, Ann Arbor, Mich. 


Copyright 1961, Society of Automotive Engi 
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GM-HARRISON AIR CONDITIONERS —BUILT FOR ‘“FULL-RANGE PERFORMANCE!” 


Wheeling down a dusty country road...or crawling through city 
traffic! You can depend on Harrison air conditioners for maxi- 
mum reliability and optimum efficiency through the full range 
of performance demandsi For they are engineered and built to 
do a// of the job—all of the time. This is “The Harrison Way”... your 
assurance of the finest in quality and reliability. If you have 
automotive temperature-contro!l problems of any kind, look to 
the leader...look to Harrison. 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
AUTOMOTIVE RADIATORS + OIL COOLERS « THERMOSTATS «+ AIR CONDITIONERS + HEATERS + DEFROSTERS 


( y TEMPE 
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Deico-Harrison replacement thermo- 
stats, radiators (and cores) are distrib- 
uted nationally through United Delco. 
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Briefs of 


SAE PAPERS 


jigest re provide d by ENGINEERING 
, which each year abstracts 30,000 engi- 
: different publications 
to 249 “fields of engineer- 


T 
INDEX 
neering artici ) 
ar 4 clas ities them ir 
ing interest.” 
To order the SAE papers digested here, circle 
rs in the “Readers Information Serv- 
yrresponding to the numbers 
he titles of the digests of the 
papers you want, 


GROUND VEHICLES AND MARINE 


Radioactive Rings Solve Wear Prob- 
lems in Diesel Locomotives, P. L. 
PINOTTI, P. V. GARIN, D. R. JONES. 
Paper No. 362A. Objective of research 
to determine factors causing engine 
wear in locomotives, undertaken by 
Southern Pacific Co. and Standard Oil 
Co. of California, was to reduce main- 
tenance costs by optimum selection of 
engine operating conditions, piston ring 
and cylinder liner metallurgy, fuels, lu- 
bricating oils, and engine air filtration 
system; data obtained and application 
of findings to Southern Pacific’s fleet 
of residual fuel-burning locomotives. 


Effect of Engine Design Variables 
Upon Compression Ring Wear as De- 
termined by Radioactive Tracer Tech- 
nique, J. J. MARTIN, H. A. WILLIAMS. 
Paper No. 362B. In test program con- 
ducted by Denver and Rio Grande 
Western Railroad, Standard Oil Co. 
California and General Motors, effect 
of several engine design variables upon 
piston ring wear in GM Model 16-—567C 
diesel engine was measured; tests in- 
volved unit fuel injectors, compression 
rings, oil control rings, and combina- 
tions of above; high quality distillate 
fuel and mid-continent crude oil was 
used. 


Effect of Exhaust Pipe System Upon 
Performance Characteristics of Two- 
Cycle Diesel Engine, I. WATANABE, T. 
NAKADA, T. ANDO. Paper No. 367B. 
Effect upon engine performance of ex- 
haust pipes having diffusers, nozzles, or 
bends was examined employing same 
engine; details of experimental set and 
method of experiment at Keio Univ., 
Japan; influence of exhaust pipe 
lengths; experimental results and con- 
siderations. 


Center Point Steering Axles, K. M. 
KOCH. Paper No. 368B. Historical 


review of design and development of : 


center point steering type front axle; 
general principles of center point de- 
sign and performance; study of static, 
rolling, and stability steering effort: 
it is shown that center point principle 
is justified by its ability to substantially 
reduce driver effort. 
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Some Experiences With Ground 
Effect Devices, C. A. AMANN, J. W. 
SCHEEL. Paper No. 370B. Funda- 
mentals of air bearing, plenum cham- 
ber and annular jet; study carried out 
at General Motors Corp. to construct 
man carrying test vehicle; fan design 
and model tests; results secured with 
models having 5-hp and 15-hp engines 
of integral propulsion system, and 15 
hp fan engines, separate propulsion 
system; vehicle lift and thrust; vehicle 
directional control; overall impressions. 
sions. 


Piezoelectric Ignition System for 
Small Engines, E. CRANKSHAW, R. 
ARNOLD. Paper No. 375A. Back- 
ground on history and operation of 
piezoelectric materials and develop- 
ment of ignition system by Cleveland 
Graphite Bronze Div., Clevite Corp.; 
features, operation and characteristics 
of “spark pump” using two ceramic 
elements developing 16,000 — 19,000 v, 
with energy level of about .015 joules 
at 18,000 v; relationship between volt- 


age and energy for elements used is 
shown in curves; potentiality to auto- 
motive multi-cylinder engines. 


Stratified Charge Operation of Spark 
Ignition Engines, L. D. CONTA, P. 
DURBETAKI, J. L. BASCUNANA,. Pa- 
per No. 375B. History of charge stra- 
tification, and early work carried out 
at Univ. of Rochester using Broderson 
method; current research done and 
conversion of CRF—F4 method en- 
gine to stratified operation; new test 
procedure evolved and performance 
data obtained; summary of results of 
research program using 4 different en- 
gines having radically different com- 
bustion chamber arrangements. 


Corvette Story, P. J. PASSON. Pa- 
per No. 377A. Summary of engineering 
concepts incorporated into 1961 car; 
reference made to 3-station operation 
in producing underbody, use of rein- 
forced plastic reducing weight of 
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Corvette body by 300 lb, and sequence 
of assembly operations: there are 9 
inspection stations along line, 2 of 
which are of particular interest: 
chassis roll and water test operation: 
engineering features of car. 


Postwar Diesel Installations in U.S. 
Navy, R. W. CROWLEY. Paper No. 
378A. Navy has 6,000,000 diesel-hp 
installed in active ships, including 8400 
installations in ships and boats since 
World War II; examples of new in- 
stallations: diesel generator units for 
new SS563 class submarines: applica- 
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tion of nonmagnetic diesel to mine- 
sweeping craft; Curtiss Wright 12V- 
142 diesel for various uses and diesel 
plant of new submarine tender AS31; 
diesel machinery in LST 1173 class 
ship and CODAG machinery for 35,000- 
hp destroyer escort 


Power for Pushing, C. R. HORTON, 
Jr. Paper No. 378B. Towboat power 
plant consists of diesel engines of total 
power ranging from 1000 to 9000 hp, 
driving propellers, at speeds of 300 to 
150 rpm; majority use reverse-reduc- 
tion gearing; criteria for judging de- 
sirability of prime mover differ for 
river towboat than for other marine 
applications; drive problems of river 
towboats, characteristics of which seem 
to be supplied best by modern reverse- 
reduction gear units 


Engine Air Flow Measurements with 
Laminar Flow Elements, G. H. MIL- 
LAR, E. GILLIG, A. HEJDUK. Paper 
No. 379C. Paper shows that capillary 
flow air flow meter, when properly de- 
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signed and applied, is most versatile 
engine air flow measurement equip- 
ment available within range of ac- 
curacy required to obtain greater 
knowledge of engine performance in 
as-installed conditions in vehicles; ex- 
tension of air flow metering techniques 
to study of performance of engines 
used in outboard motors, chain saws, 
and target drones is shown. 


Method of Measuring Instantaneous 
Friction of Piston Rings in Firing En- 
gine, A. R. ROGOWSKI. Paper No. 
379F. Details of cylinder, adaptable 
to CFR engine crankcase, built by 
Sloan Automotive Laboratories at MIT, 
to measure instantaneous value of 
friction force existing between piston 
rings and cylinder wall under normal 
firing conditions; as apparatus has 
never been described in engineering 
journals, its possibilities as research 
tool may have been overlooked; results 
obtained with apparatus when used on 
short projects, limited operating condi- 
tions, ring and cylinder materials. 


Consideration of High Temperature 
Thermodynamics of Internal Com- 
bustion Engines, C. W. VICKLAND, F. 
M. STRANGE, R. A. BELL, E. S. 
STARKMAN. Paper No. 380A. Ref- 
erence to charts of R. L. Hershey, J. 
E. Eberhardt and H. C. Hottel which 
authors aim to extend to as high tem- 
perature as available thermochemical 
data would allow; progress report is 
limited to method and results of ma- 
chine calculation of equilibrium, from 
previous limit of 5500 R to 7000 R; 12 
equations presented whose solution de- 
scribes composition of products of 
reaction of any C-H-O-N system. 21 
refs. 


Thermodynamic Measures Give Low 
Fuel Consumption and Favorable 
Torque Characteristics in Automotive 
Spark-Ignition Engines, E. W. HUBER. 
Paper No. 380B. Process of “extended 
expansion” and principles involved; 
theoretical concepts of optimum design 
of spark ignition, throttle controlled en- 
gine; experiments at Institut fuer Mo- 
torenbau Dr. Huber, Germany, show 
that application of design principles can 
be carried much further; compression 
volume can be made smaller, intake 
duration reduced at expense of re- 
duced charge weights at high rpm: 
result is large increase in torque avail- 
ability at low rpm without knock. 


Influence of Compression Ratio and 
Dissociation on Ideal Otto Cycle En- 
gine Thermal Efficiency, M. H. EDSON. 
Paper No. 380C. Paper examines in- 
fluence of compression ratio and as- 
sociation over extreme range of com- 
pression ratios, i.e. from 4 to 300, to 
see theoretically if chemical dissocia- 
tion can limit Otto cycle engine ther- 
mal efficiency; tabulation of coefficients 
used for calculations; it is concluded 
that there is no upper limit to which 
compression ratio of Otto cycle en- 
gine can be raised. 
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Bundy can mass-fabricate practically anything 





Bananas? Hardly. Chimpanzees? Just this once. Auto- 
motive parts? Our specialty. Just tell us what you want 
and the quantities. We’ll put our engineers and designers 
to work. What you'll get is a low-cost, mass-fabricated 
component in exactly the shape you ordered—by the 
thousands. . . or millions. Bundyweld® steel tubing—in 
sizes up to %” O.D.—meets Govt. Spec. MIL-T-3520, 
Type III; ASTM 254; and SAE specifications. So, for 
the finest in steel tubing, bent to your exact specifica- 
tions, at lower cost, and delivered on time, call, wire, or 
write: Bundy Tubing Co., Detroit 14, Mich. 


BUNDY TUBING COMPANY - DETROIT 14, MICH. - WINCHESTER, KY. - HOMETOWN, PA. 


World’s largest producer of refrigeration tubing. Affiliated plants 
in Australia, Brazil, England, France, Germany, Italy, Japan. 


Bundyweld, double-walled from a single 
copper-plated steel strip, is metallurgically 
bonded through 360° of wall contact. It 
is lightweight and easily fabricated .. . 
has remarkably high bursting and fatigue 
strengths. Sizes available up to 54” O.D. 


UPSET NOZZLE 


L 
SACTTED FLATTENED 


END CLOSURE 


No matter what type of mass-fabrication 
you require, Bundyweld may be your 
answer. Shown here are just a few tubing 
operations fabricated by Bundy. 


BUNDYWELD. 
TUBING 





ee He's smiling now 


The new Eaton 3-Speed Tandem Axles give a truck 
driver 15 evenly spaced gear ratios (with only a 5- 
speed transmission). He can select the right gear to 
keep his road speed up, his engine turning in the 
most efficient range ... under any road or load 
situation. 
The driver shifts easily and quickly for time-saving road speeds 
—whether going up or down grade—on a turnpike—or in city 
traffic. A simple, finger tip movement of the red selector switch 
on the transmission shift lever for the right axle ratio (low, inter- 
mediate or high)—a slight movement of the throttle (to interrupt 
power for a moment) and the shift is complete. Each gear com- 
bination can be used in sequence—or not—at the driver's option. 
No other tandem axle delivers so much performance—with so 
little driver effort. 


GEAR SPEEDS 
WITH ONLY A 


TRANSMISSION !. 


And that’s not all. The Eaton 3-Speed gets out of the engine 
all the built-in economy—while stretching out its life and the 
life of power transmitting parts. This adds up to more dollars 
coming in—less going out—more operating profit. Write direct 
for the new, illustrated brochure—and get all the facts. 


3 -SPEED 
AXLES 


TT ——_——————————— AX LE DIVISION ———————_ 
Be £0 © MANUFACTURING COMPANY 
CLEVELAND 10, OHIO 
... Your partner in progress through research... 


SAE JOURNAL, OCTOBER, 1961 





NATIONAL BUD’ OIL SEALS 


OVER 3,500 DIFFERENT SIZES IN PRODUCTION 


BUD (Bonded Universal Design) Oil Seals 
field-proved in over 20 million cars, trucks and buses. 
Economical, ready when you need them. 


National has complete tooling to provide you with a broad 
range of dependable BUD® seals covering virtually 100 
shaft sizes for standard applications. 


In National BUD seals, the lip is permanently bonded to 
the metal casing. This means less rubber needed, less 
frictional heat at contact points, longer life, less space 
required in applications. Bonded design eliminates in- 
ternal leakage, and BUD seals are phosphate coated to 
avoid rust. With these features plus superior concen- 
tricity and rugged, simple design, BUD seals have proved 
outstanding in many millions of hours of widely varied 
field usage. 


Available with single or dual lips; in single case design 
for standard precision shaft sealing, or double case de- 
sign for heavy duty use of severe press fit. Sealing mate- 
rials are available for temperatures from —80°F to +400° 
F, to operate in most oils or industrial fluids. 


The bonded design was pioneered at National Seal— 
industry’s oil seal headquarters for 40 years. If yours is a 
standard application, your National Seal field engineer 
has the proper BUD seal for prompt delivery; if yours is 
a special design his experience can help you cut sealing 
costs. He’s listed in the Yellow Pages, under “Oil Seals.” 


New 20-page National Catalog 61-B 
lists BUD seals available now. 


Write for your copy today. National 460,000 


National 450,000 


NATIONAL SEAL 
ARE: | 


*BUD (Bonded Universal Design) Plants: Van Wert, Ohio; Downey and Redwood City, California 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
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Now 
parts of 
DELRIN® 


cut costs 


working with 


Du Pont De rin: 


acetal resins 


one of Du Pont’s versatile engineering materials 


and improve operation of new power seats 


In the complete mechanism, trans- 
mission gears and electrical coil bobbins 
are molded of tough Du Pont ZYTEL® ny- 
lon resins, and liners (tubing) of Du Pont 
ALATHON® polyethylene resin are used to 
eliminate metal-to-metal noises. Stop 


Shown above is part of a new six-way 
power-seat adjusting mechanism used 
in a luxury automobile. To move the 
seat, power-driven screws turn inside 
nuts (shown in circle and at upper end of 
screw) molded of Du Pont DELRIN acetal 
resin. The nuts are attached to seat mem- 
bers, causing the seat to move up or 
down, forward or back. The highstrength 
of DELRIN, its low coefficient of friction, 
and its dimensional stability under vary- 
ing conditions of temperature and hu- 
midity assure smooth, accurate and quiet 
operation. Economical injection molding 
of the nut in DELRIN results in a sub- 
stantial cost reduction as against fabri- 
cation of the part in steel. 


nuts (at lower end of screw) are also 
molded of ZYTEL. 

Design and manufacture of the com- 
pleted unit are by Ferro Stamping Com- 
pany, Detroit, Michigan. Nutsof DELRIN 
molded by Sun Plastics, Inc., Cayuhoga, 
Ohio, and Molmec, Inc., Walled Lake, 
Mich.; gears by W-L Molding Co., Kala- 
mazoo, Mich.; tubing of ALATHON by 
Lus-Trus Corp., Ypsilanti, Mich.; and 
stop nuts of ZYTEL by Molmec, Inc. 
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This simple but efficient fuel filter for small 
gasoline engines is made with filter and gas- 
ket seated in a tough, stiff part of DELRIN and 
a cover of ZYTEL which flexes and seats firmly 
on the gasket. The use of these Du Pont en- 
gineering materials eliminates finishing oper- 
ations, provides lower assembly and shipping 
costs. (By Hoffman Industries, Spring Arbor, 


Key unit of a new corn planter is this sprocket, 
molded of DELRIN, which slides along a 
grooved shaft. Cast iron formerly used tended 
to stick, corrode and erode. The natural lu- 
bricity and corrosion and abrasion resistance 
of DELRIN provide longer life for the sprockets 
... lower finished-part cost. (Moided by Rock- 
ford Molded Products, Rockford, Ilil., for John 
Deere Pianter Works, Moline, Ill.) 


Mich., for Tillotson Mfg. Co., Toledo, O.) 


DeEtRIN' makes possible improved design 


in increasing variety of auto components 


In automotive design applications ranging from door handles to instru- 
ment housings, from lamp sockets to lubrication-system components, the 
unique combination of important engineering properties of DELRIN acetal 
resin is being put to good use. DELRIN offers designers a material with 
high fatigue-endurance limit, high stiffness, high strength, good resistance 
to creep, good toughness and good resilience—all over a wide range of 
temperatures and environments. It has good abrasion resistance, excel- 
lent resistance to solvents and oils, good frictional properties. And it offers 
the economies of injection molding plus the virtual elimination of costly 
finishing operations. For more information about Du Pont DELRIN acetal 
resin that will help you evaluate this remarkable new engineering mate- 
rial for your applications, mail the coupon below. 


POLYCHEMICALS 
DEPARTMENT 


REG. U.S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING. .. THROUGH CHEMISTRY 


E. I. du Pont de Nemours & Co. (Inc.), Dept. SA-10 
Room 2507D, Nemours Bldg., Wilmington 98, De!. 
Please send me information on the following: 


[] tucire® 


DELRIN® acetal resins 


one of Du Pont's versatile engineering materials 


Alathon® Zytel® 


polyethylene resins nylon 
te Street 


a nssensceiinmennsaeitsisaieia aa 
In Canada: Du Pont of Canada Limited, P. O. Box 660, Montreal, Quebec. 


[] DELRIN® [] ALATHON® [] ZYTEL® 


Name 


Company Position 


Lucite® 


acrylic resins 


_ 
aw 
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“Pass the Oil Can, Orville” 


Sinclair Refining Company is proud of its role in avia- 
tion progress that dates back to the World War I “Jen- 
nies.” Today, that company is a major supplier of jet 
fuel to airlines and the armed forces. It supplies over 40 
per cent of the lubricants used by all major scheduled 
airlines in the U.S. 


Aviation progress—from the faltering flight at Kitty 
Hawk to the latest continental jet hop—has depended 
in large part on the fuels and lubricants that bring 
planes to life. 

The 12 horsepower engine that flew Orville and 
Wilbur Wright into history was no more demanding 
than a Model-T’s motor. But today’s more discriminat- 
ing jet turbines need fuel that tests purer than the milk 
we drink and lubes that won't fail in the numbing upper 
air. The years between have been bridged by millions 
invested in oil laboratories and refineries. 


Passing the oil can in the competitive aviation markets 
calls for resourcefulness in research and manufacturing 
skill. Where confidence counts with customers, Sinclair 
flies high. 


SAE-— Sinclair salutes the Society of Automotive Engineers for stimulating the 
research and the exchange of technical data which has brought constant 
improvement in self-propelled vehicles, their engines and related products. 
Through its 25,000 members, the SAE keeps Americans moving safer and 
faster on land, air and sea. Organized in 1905, it is one of the largest 


engineering societies in the world. 


SINCLAIR OIL CORPORATION 


14 


600 FIFTH AVENUE - 


NEW YORK 20,N. Y. 
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WHAT IS YOUR BEST BUY IN 
REUSABLE HOSE FITTINGS? 


STRATOFLEX 
with three other types ror 


SLEEVE AND 
SEGMENTED TYPE 


Wire exposed fo corrosion * 
usability of segments * Large envelope 
dimension * Special tools and/or 
equipment required for assembly 
and disassembly * Non-uni- 
form compression * Limited 


ENCLOSED POSITIVE 
PROTECTED GRIP OF 
WIRE WIRE BRAID 


Doesn't grip wire * Limited pressure rating 
* Large envelope dimension * Non- 
uniform compression * End of 
hose exposed to 
corrosion 


Minimum envelope dimension 


No special tools required for assembly 
or disassembly 


Uses standard hose NON-SKIVE TYPE 


oT 
a 
tH = 


High assembly torques * Inconsistent grip 
of wire * Uses non-standard thin cov- 
ered hose which has critical toler- 
ances * Special tools required 
for proper assembly of 
hose to socket 


s, Complete reusability 
Pressure rating equal to burst of hose 
S, Uniform compression 


€ Long life proven in service 


\ SALES OFFICES: 


Atlanta, Chicago 


Cleveland, Dayton, Denver For complete 


Branch Plants: Hawthorne, Calif., Fort Wayne, Ind. 
in Canada: Stratofiex of Canada, inc. 


in Great Britain: Stratofiex (U.K.) Ltd. 


STRATA 


P.O. Box 10398 « Fort Worth, Texas 
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Detroit, Fort Wayne 
Fort Worth, Hawthorne 
Houston, Kansas City 
Milwaukee, New York 
Orlando, Philadeiphia 
Pittsburgh, San Diego 
San Francisco, Seattie 

Toronto, Tulsa 


information, 
write for 
Stratoflex 
Catalog 201. 





RX for more profits 
‘n transportation: 


We prescribe a new concept of materials 
and design — save weight, tooling time, 
tooling costs — eliminate rust and 
corrosion. 


Molded Fiber Glass (MFG@ — the 
structural plastic — is light weight, 
strong, versatile. Molded under heat 
and pressure in matched metal dies to 
produce strong, uniform parts holding 
close tolerances and dimensions. 


Ford truck panels 


(MFO can custom-mold complete 
bodies, doors, liners, fenders, moldings, 


panels — that are light in weight and 
impervious to rust and corrosion. 


lf transportation is your business, 
(MF@ belongs in your plans — for 
economy, strength and material supe- 
riority. Tell us your problem and we'll 
help solve it; or send coupon for free 
descriptive literature. 


Complete White truck cab 


SEE OUR BOOTH 
AT THE ASBE SHOW 


Corvette sports car body 


Molded Fiber Glass Companies 
4639 Benefit Avenue, Ashtabula, Ohio 


Please send literature on Molded Fiber Glass 
in automotives. 
| am particularly interested in ___ 


| 
| 
| 
| 


UUM Ra ae ENS 
LS 


CUSTOM MOLD « BODY « TRAY « TANK + SHEET + BOAT 
4639 Benefit Avenue « Ashtabula, Ohio 


Name 


Company 


Street 
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in. airborne cooling. 
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> -, 


, 


a 


Garrett is now developing Dyna-Soar’s thermal 
control system—again demonstrating its 20-year 
leadership in the pioneering of airborne cooling 
methods by its AiResearch Manufacturing Divisions. 
An important contribution to the rapid over-all 
development of the Boeing Dyna-Soar manned space 
glider, the compact, lightweight system will cool the 
pilot and his equipment, economically utilizing the 


THE 


i * ’ 


Boeing Dyna-Soar Manned Space Glider 


itr 
; “ 


cryogenic hydrogen fuel of the accessory power system. 
The development of this hydrogen system exemplifies 
Garrett’s continuing advancements in airborne cooling, 
including air cycle and Freon refrigeration systems, zero 
gravity gas and liquid systems, and new developments 
in space radiators and other systems using exotic liquids 
and metals...all leading to the development of more 
advanced thermal control techniques for spacecraft. 


COHPOR ATIO 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


SAE JOURNAL, OCTOBER, 1961 17 








i ( ei : i 





NEW 73° 


You get larger coils, higher 
quality from Youngstown’s big, 
new 79” hot strip mill 


Higher quality hot rolled steel sheet in larger coils. 
That's what you get from our expanded and mod- 
ernized 79” hot strip mill in Campbell, Ohio. To 
bring you improved hot rolled sheet and strip, 
more than $60,000,000 was invested. Probing tele- 
vision monitors and delicate, sensitive electronic 
devices plus massive roll stands, and bigger coilers 
combine to bring you even better quality control. 


These improvements in our hot strip mill are 
only part of Youngstown’s sheet and strip story. 
New coil annealing facilities, a new shear line and 
a new Youngstown open coil annealing process 
for one coat enameling sheets give you a grow- 
ing source of hot and cold rolled steel products. 





Get steel stamped with the mark of Youngstown. 
Get longer, stronger, flatter steel. Steel sheet and 
strip of more uniform quality. With better physical 
properties. Hot and cold rolled steel that is easier 
to work with and more economical to use because 
you can get larger coil sizes to 38,000 pounds. In 
24” to 72” widths. Order to your specifications. Get 
fast, reliable delivery from your Steel Service 
Center or through the 28 Youngstown Offices. 





Youngstown growing force in steel 


For full details on Youngstown steel sheet and strip, write: Dept. 11-A, 
The Youngstown Sheet and Tube Company, Youngstown, Ohio 


Some Ideas 


The stone tablet and chisel were pretty 
widely used writing and drawing instru- 
ments in their day 


But they don’t command much of 2 follow- 
ing any longer. Like so many tools of the 
past, they gave way to better methods of 
portraying information. Some of these 
methods occurred by accident, some were 
developed by experts to serve specialized 
Three good examples of the latter 
are described here. 


needs 


A Couple of ‘Better’’ Penciis 
When polyester drafting film first came 
into use, it was found that standard 
graphite pencils with clay binders, while 
fine for paper, smudged too readily on film. 


So a new kind of pencil was needed—and 
developed. li was called the Duralar. With 
both binder and color agent made entirely 
of plastic, Duralar deposited a black, dense 
line on film, which could neither be 
smudged nor washed away. 


GRAPHITE 


But since washability is not the touchstone 
of every drafting operation, K&E went a 
step further. Result —the Ruwe pencil. 
Having all the “fine feel” and erasibility 
of graphite, on both film and cloth, the 
Ruwe deposits a blacker, denser line than 
graphite, with the smudge resistance the 
old graphite pencil could not provide 


Here’s why: the Ruwe pencil is graphite, 
but with a plastic binder instead of clay. 
Color coded in five degrees of hardness 
from 2S to 6S, Ruwe is available in wood 
pencils and leads. More good news is that 
Ruwe is now available in 2S and 3S hard- 
nesses for fine-line automatic pencils as 
well. The lead is just .036” in thickness 
ideal for free-hand lettering 


It’s interesting to note, that since the in- 
troduction of Ruwe, other plastic-graphite 
pencils have been placed on the market 
If you're interested in testing the original 
we'll send free Ruwe pencils to you — just 
send the coupon. 


Now You See 'em...Now You Don't 
For engineering drawings, or freehand 
sketches, K&E Guipe Line*™: tracing pa- 
pers, cloths and films make light work for 
you — by making light work for you. The 
light blue cross-section lines are visible to 
but will not reproduce on your 
blueprints. Other companies 
make similar products but here’s the im- 
portant K&E contribution: Guipe Line is 
now available in the widest variety of 


the eye, 


diazos oF 
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for your file of practical information on 
drafting and reproduction 


L_—_—_.—_— — —~—~ KEUFFEL & ESSER Co.-—————~—~——- 


drafting media ever. Specifically: ALBAN- 
ENE® and CRYSTALENE® 100% rag stock 
tracing papers, PHOENIX® water-resistant 
tracing cloth and HERCULENE® polyester 
base drafting film. So whichever sheet you 
use, Odds are it’s available in Gu1pE LINE 
first. 

We especially recommend Guimpe LINE 
products for accurately guiding freehand 
work such as plant layouts, organization 
charts, electrical diagrams, etc. Your free- 
hand work actually will look more like a 
finished detail than a sketch. And confi- 
dential notes will drop out too, if written 
or typed in special colors. 

Availabie in a wide variety of grid sizes, 
Guide LINE comes in rolls or pads on 
ALBANENE and CRYSTALENE, in rolls on 
PHOENIX and HERCULENE, and can be sup- 
plied with your own title block or special 
heading. 


Send for some free samples and the GuIDE 
LINE brochure. 


Through The Looking Glass 
No more “Alice in Wonderland” wander- 
ing about when you want to locate the 
graph sheet you need for a specific job. 
Reason — K&E graph sheets now are pack- 
aged with a new “looking glass” — A time- 


saving visual package. This unique pack- 


gees ge See 


age has a window in the front so you can 
see the sheet inside. This is a boon, espe- 
cially if you use a wide variety of graph 
sheets. Apart from the packaging. we've 
done a few other things to make graph- 
sheet selection easy and infallible. 

Every user of graph paper puts it to a 
different task. So we have put together a 
complete line of graph papers, one or more 
of which will almost certainly meet your 
particular requirements. As a matter of 
fact, odds are 1000 to 1 that we already 
make and sell the sheet you require. In the 
event that we don’t, we'll work with you 
to create it. 


And we bend over backwards to make sure 
every sheet with the K&E symbol more 
than does its job. To insure accuracy of 
performance, every K&E graph sheet ever 
made was printed from precision-engraved 
plates by the letterpress process. The paper 
used —tr=nslucent or opaque —has at /east 
50% rag content — 100% in some cases. 
And before any of it ever gets to the 
printer, it undergoes extensive examination 
in our quality control labs. 


rhere is a lot more we could tell you about 
K&E graph sheets. We have prepared a 
selection guide fer ycur use. If you'd like 
to have one, it’s free, along with some 
sample sheets in the new visual package. 


|) RELATIVE! MARKET ACTION 
a (individual Group in Relation ‘to 540 Stocks) 


25) Group A~__ 


dif 


—_——-— 


se 
540 Stocks 


50 Gro 


Composite 


yet aa ig ed He eed 


artis ; ae hat tats) 


12,300 variables at a glance. Here’s a typical stock market chart used to study relative market 
action. Center line is market behavior of 540 stocks over 20-year period. Two basic stock 
groups of 25 and 50 individual stocks, averaged, are plotted against market (figured at zero 


per cent) 


Resultant chart shows all-important slope of curve which — far more than gross 


increases — tells the story of the stocks’ vitality. No list of statistics, no matter how exhaustive, 
could give the relative interactions shown here. This picture is possible only with a graph. 


reed aeestaeetheetl eerie tearetiecbeneeieeeetiarteeieee teeta 


KEUFFEL & ESSER CO.., Dept. SJ-10 Hoboken, N. J. 


Please send me free: 
[] Ruwe Pencils 


Name & Title_—___ 


Company & Address 


(1 Guiwe Line™™: Brochure and Samples 
[] Graph-paper Selection Guide and Samples 


{ 
| 
| 
| 
| 
| 
| 
| 
J 


SAE JOURNAL, OCTOBER, 1961 





WHEN MOTOR OIL 
FLOWS THROUGH 
THIS NEW FRAM 
“WEAR- GUARD” 
Olt FILTER 


UP TO 40° MORE 
ENGINE- KILLING 
SLUDGE IS TRAPPED! 


Tests using radioactive tracer techniques proved it! An exclusive scientific break- 
through in the construction of new Fram ‘“Wear-Guard” Oil Filters traps up to 
40% more sludge than any other filter tested. No wonder in 1961 more auto 


manufacturers choose Fram to supply 
original equipment filters than any gn ow CA 
other filters. May we serve you? 
Fram Corporation, Providence 16, .R.1. “WEAR-GUARD: Fl LTE RS 
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IN MeL ULL HURST 


DIES DESIGNED AND CASTINGS DELIVERED 
IN THREE WEEKS BY DOEHLER-JARVIS! 


A ‘breakthrough’ product means a race against time. 
Get it in production and on the market while it is still 
“hot” news. 

That was the situation Black and Decker faced in develop- 
ing the first “cordless” electric drill. 

A major time factor—the design and construction of dies 
and the die casting of three major elements of the revo- 
lutionary new product. 

The question put to Doehler-Jarvis—can you design and 
build the dies and deliver aluminum castings for the gear 
case, gear case cover and field case in three weeks? 

The answer—we did it! 

The first delivery of completed castings was made in 
three days less than three weeks. 

This is not a routine situation. But it is an outstanding 
example of how Doehler-Jarvis’ 57 years of leadership in 
die casting can work to your benefit in all circumstances. 
It was the design and engineering skill and experience of 
Doehler-Jarvis, together with their unmatched produc- 


tion facilities and know-how which helped Black and 
Decker meet its ultra-tight production schedule. 

But there was more to gain than speed. The die cast parts 
delivered to Black and Decker have the high strength, im- 
pact resistance and abrasion resistance needed to take 
rough handling; they are sound and dimensionally stable 
to permit and maintain close tolerance; and their attrac- 
tive finish adds extra sales value. 

You will find it to your advantage to talk to Doehler- 
Jarvis about die castings for your products. Contact the 
office nearest you. 


ry 


v 


‘@ Doehler-Jarvis 3 


Division of National Lead Company ¢ General Offices: Toledo 1, Ohio 

Plants and Sales Offices: Toledo, Ohio; Grand Rapids, Michigan; Pottstown, 
Pennsylvania; Batavia, New York. 

In Canada: Barber Die Casting Co., Ltd., Hamilton, Ontario 

In Brazil: Industrias Doehler do Brasil, S. A., Sao Bernardo do Campo, Sao Paulo, 
In Argentina: Doehler Argentina, S. A., Buenos Aires. 

In Great Britain: Metal Castings-Doehler, Ltd., Worcester, England. 





there’s a 
ROC 


CMA ame 
of service 


HYPOID SINGLE REDUCTION « Engineered for 
minimum weight and cost e Husky hypoid gear- 
ing for maximum gear strength e Axle ratios up 
to 8.6 to 1 e Nine models with capacities to 
46,000 pounds. 


WORM SINGLE REDUCTION e« Engineered for 
simplicity of design and long life e Worm gear 
may be reversed to increase operating life e Four 
models with capacities up to 50,000 pounds. 


eM em ERC 


First developed by Rockwell in 1918, 
driving tandems offer four important 
advantages over single driving axles... 
greater legal payload ...greater traction... 
better flotation ...smoother riding! 


Today, only Rockwell-Standard 
offers a complete line of driving tandem 
axles to meet every on-or-off highway 
need. Capacities are available in a range 
from 22,000 to 150,000 pounds—with 
axle ratio selection exceeding anything 
offered elsewhere in the industry. 


One of the four types of driving 
tandems below is ideally suited for your 
particular requirements: 


HYPOID-HELICAL DOUBLE REDUCTION « Engi- 
neered for universal heavy-duty operations e 
Balanced hypoid-helical double reduction 
gearing e Wide selection of ratios e Six models 
with capacities up to 65,000 pounds. 


FULL PLANETARY DOUBLE REDUCTION e« Engi- 
neered forextra heavy-duty operations e 
Planetary reduction is at wheel end for great- 
est mechanical advantage e Capacities up to 
150,000 pounds. 


Phodeb. of. ROCKWELL-STANDARD Ff 4 


CORPORATION 


Transmission and Axle Division, Detroit 32, Michigan 
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NOW! 


You Can Use NAS 1394 and 
NAS 1395 Standards to Provide 
Strong Threads in 

Soft Materials! 


KN, KNL, KNH, KNAE 
TT MOL el Laan ie) 
NASC STANDARDS 


ee ONE-PIECE inserts that are installed with 
POPU See tel eae ale Teele CM a lM 
ere me MT eg aT 
IN STOCK.... Light Weight—Miniatures—High Strength Heavy Duty — 
MMe Me Coe eb 


INSERT 
COMPANY 


6500 Avalon Blvd., Los Angeles 3, California, 
Pleasant 3-4271 


Write TODAY for Fully Illustrated 28-Page Catalog...Including NAS Numbers! 
DS anaEE: Qtieracteteine, “To Be Secure___Secure with KEENSERTS° 
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if you can't 
tolerate 

seizing and 
galling 


NITRALLOY (leaded*) is a special hard- 
surfaced alloy now used by Hartford 
Machine Screw Company, Division of 
Standard Screw Company, for distrib- 
utor rotors in Roosamaster fuel 
injection pumps. It possesses excep- 
tional wear resistance, dimensional 
stability, and—most important for 
close tolerance moving parts—a mini- 
mum tendency to seize and gall in 
operation. 


HARTFORD REPORTS lead-treated 
Nitralloy machines faster, easier, ac- 
tually costs less than unleaded alloys 
previously used. 
For complete information about the ae 
cost-saving advantages of leaded VIMO LOA CoprpERWELD 
NITRALLOY or other free-machining E538 STEEL COMPANY 
lead-treated alloys and carbon steels, — 
write today. Or call your nearest 


Copperweld representative. 
"inland Ledioy License 


ARISTOLOY STEEL DIVISION 5) 4001 Mahoning Ave. Warren, Ohio - EXPORT: Copperweld Steel international Co., 225 Broadway, New York 7, WN. Y. 
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DESIGN 
NOTES 


C/R offers 

new bonded 
CRS Seal design 
in standard sizes 
— without premium 
tooling charges 


Design Advantages 

The CRS Seal now provides a new level of 
C/R Seal performance through its simple, 
bonded design. There are no internal parts 
to misalign, no avenues for internal leak- 
age. The shell and sealing member are 
integral — bonded securely for the long 
life of the seal. The CRS Seal incorporates 
a sealing member with both improved lip 
configuration and improved concentricity. 
The sealing member has been strengthened 
over former designs by placing more ma- 
terial at points of major flex and wear — 
and without increased shaft loading. 


-Designer Advantages 

The CRS Seal gives the designer one, basic, 
rugged shaft seal design which may be ap- 
plied with high reliability to the great ma- 
jority of common shaft seal applications 
— particularly in industrial, automotive, 
farm, and off-the-road equipment. 

Four basic design variations are available. 
As you can see, these provide an auxiliary 
sealing lip, where it may be required, or 
provide extra rugged shell construction 
where conditions suggest the need to pro- 
tect the seal lip against assembly damage 
—or where large, heavy-duty shafts are 
being sealed. 


26 


Selection of the new C/R Type CRS Seal 
gives the designer and buyer major advan- 
tages over special seals: shorter lead time 
on orders, simpler specification, savings in 
time and money, and improved assembly 
quality and reliability. 


Operating Maximums* 
Shaft Speeds 3600 fpm (single lip) 
2500 fpm (double lip) 


015” TIR dynamic 
eccentricity 
.010” static eccentricity 


—30 to +275°F. 
(225°F. in EP lube) 

5 psi (single lip) 

10 psi (double lip) 
Media Oil, grease, fuel, water 


*Not all conditions present in one application 


Run-out 


Temperature 


Pressure 


New, Improved Compound 
Standard sealing members for the C/R 
Type CRS Seal are molded of a new Sir- 
vene synthetic rubber compound having 
markedly superior sealing and wearing 
properties. It is a Buna-N-based material 
with low-friction characteristics. The CRS 
Seal can also be furnished in the usual 
special materials such as acrylates, Sili- 


cones, and butyls. Shells are of standard 
steel, but can be provided in corrosion- 
resistant materials on special order. 


Consult C/R Engineers 

For assistance on the application of the 
new CRS — or on any oil seal problem, 
get in touch with C/R Oil Seal Engineers. 
They’re specialists in fluid sealing — and 
will gladly cooperate with you. 


For More Design Data: 

You will want the complete design data 
on the new CRS Seal. Write for our Bul- 
letin CRS-100. It gives you the complete 
list of standard sizes, widths, O.D.’s, shell 
thicknesses and sealing lip heights. You 
will want it to compare and then specify 
C/R’s CRS Seal. 


CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1243 Elston Avenue * Chicago 22, Illinois 
Offices in principal cities 
See your telephone directory 


in Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 


Export Sales: Geon International Corp., 
Great Neck, New York 
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“Instincts In Action,” 
a new book by Norman 
Shidle, includes more 
than 140 “For Sake of 
Argument” pieces se- 
lected from those 
printed between 1946 
and 1961. . . . Pub- 
lished by SAE, it is 
now available for dis- 
tribution and may be 
ordered by circling SP- 
222 on p. 6. 
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For Sake of Argument 


Creeds and Objectives . 


SOME FOLKS keep so busy standing up for what they believe 
that they rarely have time to get anything done. They are 
strong on creed and weak on objectives. Even when they favor 
a project, they concentrate more on what ought to be done 
than on how to do it. 


Too often a creed is only a pious expression of what a fellow 
thinks he ought to achieve. An objective is more likely to be 
a statement of something he really means to try for. A creed 
results in “I believe .. .”; an objective in “I shall...” 


Most of us would get further if we wrote down objectives as 
frequently as we do credos; if we focused our aims as specifically 
as our beliefs. .. . Business associates would find us oftener a 
part of their solutions instead of their problems. 


A creed is more likely to be fought about than striven for. 
The chap whose beliefs influence the selection of his aims is 
less likely than most to find his creed impeding movement 
toward his objectives. 


Creeds split people apart as often as they bring them together. 
So do objectives, when they are conflicting. But once objectives 
are harmoniously focused, those involved start going ahead 
together. Agreement about creeds is only a start. The agreers 
still have to figure out how to apply them to everyday life. 


In business especially, group objectives are necessary to group 
achievement. Group beliefs aren’t. On many projects, no 
focused group understanding exists about the principles in- 
volved. But this doesn’t hinder good group achievement when 
all sail toward the same practical goal. 
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What’s News In Plastics... 


€scon polypropylene Gos offers molders 2S 
a balanced [combination of properties for a wide 
range of molding applications such as high strength 
and impact resistance in automobile dash boards 
<S...excellent electrical yi properties for cable 
connectors te. ... igh heat distortion temperature 
in vaporizers ...1ow water pick-up in distributor 
caps 2) ... outstanding dynamic fatigue resistance 


for “living hinge” in accelerator pedals ey and 
snap-fit closures” gaa) for containers...outstanding 
chemical AN resistance plus high gloss, surface hard- 
ness,and quality “feel” in dinnerware <2. All avail- 
able for volume production — Metist of products made with Escon poly. 


propylene is growing every day. Try this 


versatile molding material for your prod- 


cm 
at low SE cost. uct. For full information write to Enjay, 


15 West 51st Street, New York 19, N. Y. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY CHEMICAL COMPANY 
A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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from SAE meetings, members, and committees 


ATIO OF GVW TO ENGINE 
HP should be in the range of 
300-350 lb per hp for normal 
off-highway end dump truck op- 
eration, suggest some truck engi- 
neers. This ratio, they say, will 
provide good acceleration and, 
with proper gearing, permit oper- 
ation on grades in excess of 20%, 
when necessary. 

For the semi-trailer type off- 
highway vehicle, which normally 
operates on level hauls and on 
grades up to 10%, this ratio is in 
the range of 400-475 lb per hp. 


AXES, TAXES EVERY- 
WHERE ... Although Ger- 
man engine designers believe 

in the philosophy of using a larger 
displacement for better economy 
they have shunned this approach. 
Since German passenger cars are 
taxed on a displacement basis, 
maximum performance must be 
squeezed out of a small engine. 


UEL represented 50% of all 
tonnage shipped overseas to 
fight the last two wars. 


PEEDS OF FAST SEA ANI- 

MALS have been reported as 

follows: 
Animal 


Swordfish 
Flying Fish 
Porpoise 
Mackerel 
Barracuda 24 + 
Whale 21 


The swordfish data are based on 
calculations of the minimum ve- 
locity required for a swordfish to 


Speed (Knots) 


50 + 
35 
32 
26 


OCTOBER, 1961 


penetrate with both beaks, an oak 
ship’s hull one-foot thick and 
sheathed with copper. 


is the term being applied 

to use of automatic ma- 
chines which get their instruc- 
tions—not from cams — but 
from punched cards, punched 
tape, or magnetic tape. On such 
machines, a change in design 
within the capacity limits of the 
machine can be made by changing 
the tape ... and in a matter of 
hours. 


6 SB ss the te AUTOMATION” 


OME SAY European cars are 
Ss small, yet they ride and han- 

dle well. This is an opinion 
not necessarily shared by all 
American engineers. Many small 
cars do not provide a good ride, be- 
cause their springs are stiffer and 
the frequency of pitch is higher, 
some American engineers say, 
adding: “Many European cars 
have swing axles, and in order to 
limit the change in camber due to 
load changes, stiffer springs are 
necessary. 

“The swing axle is predominant 
in European design, because the 
smaller amount of unsprung mass 
allows better “adhesion” to the 
surface of European roads as they 
have been known. ... Imported 
cars do not, by and large, handle 
as well as the cars most Americans 
have become accustomed to driv- 
ing.” 


HE AVERAGE AGE of the 
U.S. farmer is trending up. 


Automobile Assembly Line Lingo 


blacksmith — Metal finisher. 

body in white — Raw metal fin- 
ished body without paint. 

boomerang — Any molding hav- 
ing a wide-open U shape. 

boot —A cover for convertible 
top when in folded position. 

buck—Any build-up which 
supports parts while work is 
being performed. 

bull ring — Area of the assembly 
line where body shell is welded 
together. 


MPLOYMENT IN THE AVIA- 
TION INDUSTRY has 
dropped by 69,000 workers or 

20% since the end of 1958. 


aircraft can cause a disas- 

trous lift unbalance unless 
proper precautionary design steps 
are taken. The aerodynamic 
forces used to control lift unbal- 
ance in conventional aircraft can- 
not be relied upon at very low fly- 
ing speeds. Ways to improve 
safety include: cross-coupling be- 
tween the thrust producers so that 
they act as one; using a single lift- 
ing device which acts through the 
center of gravity and thus cannot 
unbalance the aircraft. 


Fi, atrers FAILURE in VTOL 


IFTEEN YEARS AGO, many 
F plastics materials now begin- 

ning to penetrate the auto- 
motive market in volume were just 
coming on stream. Other old 
timers — such as vinyl, phenolic, 
polystyrene, cellulose acetate, and 
butyrate — were already commer- 
cial. . Developments during 
World War II accelerated commer- 





chips 


from SAE meetings, members, and committees 


cialization of some types of plas- 
tics .. . notably the ABS polymer 
blends, which were a natural out- 
growth of early efforts to rein- 
force styrene-butadiene rubber. 


AROUND about the teacher 
who was explaining the won- 
drous things which science has 
discovered about the universe. 
“Just think,” she exclaimed, “the 
light we need comes all the way 
from the sun at a speed of 186,000 
miles per second. Isn’t that al- 
most unbelievable?” 
“Aw, I dunno,” retorted one un- 
impressed youngster, “after all, 
it’s downhill all the way.” 


"Tanov IS A STORY GOING 


HE PLASTICS INDUSTRY, 

i since 1950, has reinvested 4% 

of each sales dollar in re- 

search and development, the So- 

ciety of the Plastics Industry esti- 
mates. 


"TL atroia DRAG of a supersonic 
airplane is nearly three times 
that of its subsonic counter- 
part. Friction and lift drags are 
each greater than the entire drag 
of the subsonic airplanes; in addi- 
tion, wave drag appears. 


ONTINUED GAIN of diesel 
. use in small European 

trucks is pointed up by the 
following percentages of 12,000- 
18,000 gvw trucks using diesels in 
. . . France, 50%; Sweden, 81%; 
England, 95%; Germany, almost 
100%. 


— ULL O’ THE WOODS” type 
of communicating deci- 
sions to employees can 
leave a supervisor unpopular, even 
though he always makes the right 
decisions, a recent SAE panel on 
“Personnel Development” brought 
out. ... A supervisor’s decision 
often is unpopular, too, because 
the facts on which it was based 
are not known to his group. And, 
too often, the trouble comes from 
lack of communication of the facts 
from middle management to the 
supervisor (or from top to middle 
management). The _ supervisor 
ought always to be equipped to 
translate as well as transmit man- 
agement decisions in terms of his 
own group.... If management 
doesn’t so equip him, he would be 
wise to do his best to equip him- 
self, the panel suggested. 


ERY at Mach 4 can produce 

a potential static pressure 
rise of 157:1 if the airstream is 
completely decelerated isentropi- 
cally. 


R's JET PRESSURE RECOV- 


Ta 14-YEAR-OLD C124 
GLOBEMASTER —a_ plane 
whose engine and most of its 
parts are no longer made — is the 
backbone of our American airlift, 
according to Senator A. S. Mike 
Monroney, chairman of the Avia- 
tion Subcommittee of the Senate 
Appropriations Committee. Speak- 
ing at a recent SAE Met Section 
Meeting, he said that 250 of the 
total MATS fleet of 425 planes are 
this obsolete craft. Service parts 
usually have to be hand-tooled 
and hand-tailored to fit the in- 
spect and repair as necessary 
(IRAN) and modification require- 
ments that come about every so 


often. It cannot fly with any 
reasonable payload over either 
ocean without using two or three 
island stops for refueling and 
servicing. It will still have some 
small value for short hauls and for 
emergency lift in the heat of 
battle on a short-range basis, 
according to Senator Monroney, 
but its service and repair cost, plus 
its obsolescence, make it a poor 
excuse as the mainstay of a mod- 
ern American airlift. 


SUBSONIC JET does the work 
A of about three typical pro- 

peller transports in seat 
miles per day. It is expected that 
a supersonic transport, in turn, 
will do the work of three to four 
subsonic jets. 


NE TIRE REMOVAL for every 

12 landings with jets in 1960 

— that’s the reported ex- 
perience of one airline operator. 


LASS FIBER or plastic com- 
ponents look promising for 
application in lightweight 

jet engines to be used for lifting 
VTOL aircraft. 


zation is to the manufac- 
turing process what feed- 
back apparatus is to automated 
equipment, says Chrysler’s C. G. 
Bauer. Just as the feedback keeps 
a piece of equipment operating 


Q) ation CONTROL organi- 


properly within set limits, he 
points out, the quality control 
organization keeps the _ entire 
manufacturing process function- 
ing properly within set limits. The 
feedback of the quality control 
group is the inspector. Without 
inspection, there is no quality 
control. By the same token, the 
accuracy of the inspection has a 
lot to do with the quality of 
the finished product. 


20-25 POUNDS of adhesives are 
forecast for the 1970 car. 
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John Deere turns to sleeve and deck construction . . . 

New power steering features increased flexibility . . . 

Versatile suspension devised for military crawler tractor . . . 
Tractor transmission with on-the-go shifts . 


Oliver's new “1800” tractor engine .. . 


OCTOBER, 1961 





John Deere 


turns to sleeve and deck 


. . . for its new line of small engines for tractors and implements. 


Principle allows for larger engine in given dimensional 


Willard H. Nordenson 


and Russell Candee 


HE sleeve and deck construction has been used 

on John Deere’s line of small tractor and imple- 
ment engines because it requires a minimum variety 
of pattern equipment and tooling. It also offers 
distinct advantages in foundry and machining pro- 
cedures, and provides maximum engine displace- 
ment in a given dimensional envelope. 

The design is based on a former production 145 
cu in. integral-bore engine and its companion 217 
cu in. 6-cyl engine. These engines had a 44-in. 
cylinder spacing and a maximum bore size of 334 in. 
There were certain foundry difficulties with this 
engine. With the same cylinder spacing, a 3%-in. 
bore can be obtained with sleeve and deck construc- 
tion, as well as providing replaceable cylinder ele- 
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envelope and has production advantages. 


ments. If individual wet sleeves had been used, 
only 35g-in. bore could be realized on this same 
cylinder spacing. There is a high degree of inter- 
changeability between the new engines and the 
previous production engines. It was possible with 
the 115 cu in. size in the new line to replace an older 
92 cu in. engine, which had no interchangeability 
of components with the other integral-bore engines. 

Fig. 1 shows a sleeve and deck assembly being in- 
serted into a 4-cyl block. The gasket on top of the 
block plays a very important part in the success of 
the arrangement, due to its great structural 
strength, combined with sufficient durability. The 
two hollow dowels, which are located coaxially with 
their respective holddown screws, locate the top end 
of the sleeve and deck assembly. Since the bottom 
end is located by the pilot bores in the block, the 
relationship of these dowels to the pilots is of great 
importance. There is an integral water manifold 
on the side of the block. The heavy flange structure 
at each end of the block and the ribbing along the 
bottom are provided for structural strength, since 
in tractor applications this block is part of the 


SAE JOURNAL 





frame. The block extends 3'% in. below the crank- 
shaft centerline to provide engine rigidity and a 
good structural connection at both ends of the 
block. Since the cylinder bores are not part of the 
block casting, alloying the block casting is not re- 
quired, reducing cost and improving machinability. 
The only difference between gasoline and LP and 
diesel cylinder blocks is that diesel blocks have five 
and seven main bearings for four and six cylinders, 
respectively, rather than the three and four main 
bearings used on gasoline and LP. The close simi- 
larity is made possible by the use of a distributor 
drive injection pump on the diesel engines. 


OCTOBER. 1961 


Fig. 1 — Sleeve and deck assembly being inserted into 4-cyl block. 


Fig. 2— Top view of block, showing cylinder head holddown pattern and 
push-rod holes. 


Fig. 3—Cores for sleeve 


and deck block. 


Fig. 2 shows the cylinder head holddown pattern 
and push-rod holes. The odd shaped notches are 
water passages that register with holes in the deck 
plate. They ensure circulation and elimination of 
steam traps at the top end of the sleeve. The hold- 
down holes are substantially in line with the main 
bearing screws, which, in conjunction with the 
internal boss and web, practically eliminate eccen- 
tric loading, thus minimizing distortion. The sleeve 
pilot bores and seal counterbores show partially in 
the lower deck. The boss askew behind the distrib- 
utor or injection pump bore is for a tachometer or 
hour meter drive by means of a single spiral gear 
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John Deere turns to 
sleeve and deck construction 


. continued 


Fig. 4— Cores for integral 
bore block. 


Fig. 5 — Deck plate. 


Fig. 6 — Machined sleeves. 
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meshing with the oil pump drive gear. The open 
internal construction of the block allows complete 
visual inspection of the block casting. Fig. 3 shows 
an exploded arrangement of the cores for making a 
sleeve and deck 4-cyl block. The club-shaped core 
at the bottom is the lower water manifold core, 
which can be integral with the block, due to elimina- 
tion of the water jacket core. Fig. 4 shows the cores 
for a comparable integral bore block; note the size- 
able jacket core. In addition, a separate water 
manifold had to be used, requiring a core, six fasten- 
ing screws, and three gaskets. In the sleeve and 
deck block castings, all are identical except for the 
number of main bearings. Bore size is provided for 
by machining sleeve pilot holes to proper diameter. 
One pattern provides all the castings for a given 
number of cylinders. Coring is changed to provide 
main bearing variation. 

Sleeve and deck assemblies used in the first ex- 
perimental engines had 14-in. deck plates and were 
used in unbridged blocks. They performed credita- 
bly on dynamometer testing and in field test tractors 
on gasoline engines. Later, however, when these 
assemblies were built into diesel engines, it was 
immediately evident that they lacked sufficient 
stiffness in the deck plate to handle the much 
higher peak pressures and more rapid pressure rise. 
At this point, the deck plate thickness was increased 
to 5/16 in., which doubled its stiffness. There was 
a significant improvement, but subsequent improve- 
ment in support in both block and cylinder head was 
required in the larger bore diesel. 

The sleeve and deck assembly is made up of a 
machined deck plate (Fig. 5) and a set of cylinder 
sleeves (Fig. 6) brazed into the assembly (Fig. 7). 
This brazing is done in a furnace at 1200 7. The 
sleeves are centrifugally cast and are purchased 
rough bored and cropped to length. They provide an 
excellent metal structure for cylinder bore use. 
However, the sleeve and deck assembly may not 
necessarily depend upon a centrifugally cast sleeve. 
All sleeve and deck assemblies of a given bore size 
and number of cylinders are interchangeable, 
whether for gasoline or diesel. Considerable de- 
velopment was required to refine the original brazed 
joint design to provide the desired uniformity. Fig. 
8 shows the original joint design. While many 
successful development engines were built with 
this design, there were some engines that showed 
cracks in the region of the sharp corner, and there 
was difficulty in securing good filleting of the brazed 
joint, due to variation in clearance at the shoulder. 
The design shown in Fig. 9 not only eliminated the 
stress raising corner but provided a very dependable 
brazing condition. 

A most amazing performance has been turned in 
by the little rectangular sealing ring at the lower 
end of the sleeve (Fig. 10). This seal is stretched 
over the pilot diameter and is a clearance fit with 
the counterbore OD until compressed axially when 
the cylinder head is tightened. Provision is made 
for “squirt” relief so that, under maximum com- 
pression due to tolerance buildup, there is minimum 
distortion of the sleeve. The machined surface on 
the OD of the sleeve just above the seal was added 
to ensure clearance and to provide “squirt” area 
under all conditions. Other than this refinement, 
the seal is almost unchanged from the original de- 
sign. 

The crankshafts for all engines in the line have 
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Fig. 7 — Sleeve and deck assembly. 


vy CYLINDER SLEEVE PLATE 


\ 
\— BRAZING RING 


\— CYLINDER SLEEVE 


Fig. 8— Experimental design for cylinder sleeve plate 
assembly. 


. CYLINDER SLEEVE PLATE 


\— BRAZING RING 


™ CYLINDER SLEEVE 


Fig. 9— Production design for cylinder sleeve plate as- 
sembly. 





John Deere turns to 
sleeve and deck construction 
. continued 


the same size main bearing journals and crankpins. 
The main bearings are 3 in. in diameter and the 
crankpins 25/16 in. in diameter. All bearing inserts 
are dimensionally interchangeable. One 4-cyl 
counterweighted crankshaft forging is used for 
both gasoline and diesel crankshafts simply by ma- 
chining it differently, the only exception is the 
crankshaft for the 115 cu in. engine, where, in 
deference to its weight, cost, and 3 in. stroke, a 
separate noncounterweighted forging is used. One 
6-cyl counterweighted crankshaft forging is used 
for both gasoline and diesel cranks. 

The 314 in. stroke engines have 29/32-in. pin over- 
lap, the 3-in. stroke engine, 1 5/32-in. pin overlap. 
The cranks are made from 1046 F steel hardened 
overall to 241-286 Brinell and induction hardened 
on all journal surfaces. 

One connecting rod is used for all engines. The 
center-to-center dimension is 6% in. It is made 
from 1041 steel hardened to 241-286 Brinell. 

The pistons for gasoline and LP engines are cam- 
ground aluminum alloy, of the trunk type, with four 
rings, all above the piston pin. The pistons may be 
flat topped, convex, or concave. This, with a cor- 
responding machining difference on the common 
cylinder-head casting, maintains the compression 
ratio, which is approximately 8/1 for the gasoline 
and 9/1 for the LP engines. On the diesels, pistons 
are also of the trunk type (cam-ground aluminum), 
with four rings above the pin and they have part 
of the combustion chamber machined in the piston 
head. The compression ratio is 19/1. 

The gasoline and LP engines have a combustion 
chamber of the modified wedge type with inclined 
valves of generous diameter for free breathing. The 
intake valves have 111/16 in. outside diameter of 
the valve head and exhaust valves, 13, in. outside 
diameter. The spark plug is located as far into the 
chamber as possible to shorten the flame travel and 
the burning time, and its electrodes extend into the 
chamber to handle the leaner mixtures better. The 
intake porting is symmetrical for each cylinder and 
is arranged to induce some swirl in the cylinder. 

The diesel engines use the Ricardo “Comet” type 
of combustion system and utilize outwardly open- 
ing nozzles. No leak-off lines are needed. The 
valves are arranged vertically and have the same 
head sizes as the gasoline and LP engines. 

One cylinder-head casting is used for all 4-cyl 
gasoline and LP engines. There are some machining 
differences. All 4-cyl diesel engines use one common 
machined head. One cylinder-head casting is used 
for all 6-cyl gasoline and LP engines. One 6-cyl 
diesel head is used. 

The manifolds for the gasoline and LP engines 
are a one-piece intake and exhaust casting. There 
is no heavy mounting flange at the gasket surface. 
A somewhat limited gasket surface at each port 
opening is held in contact by long attaching screws 
and bosses high on the manifold. This design allows 
for better fastening, allows for more movement, and 
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— CYLINDER SLEEVE 


Fig. 10 — Sleeve to block seal. 


Fig. 13 — Block pilot bore dowel machining. 
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Fig. 12 — Block in place for pilot bore machining. 
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John Deere turns to 
sleeve and deck construction 
. . continued 


Fig. 16—Punched deck 
plates. 


Fig. 17 — Deck plate being 
machined. 


Fig. 18 — Deck plates being 
ground. 
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saves weight and cost. Heat is supplied on the under 
side and corners of the T rather than on the im- 
pinging side. Automatic mixture control is attained, 
providing moderate full-load mixture temperature 
and yet offering the higher temperatures necessary 
for part load and idle without the cost and the prob- 
lems inherent in temperature control devices. This 
arrangement also puts the heat closer to the car- 
buretor flange and minimizes icing. The same 
principle works well on either updraft or downdraft 
manifolds. The principle was first used 15 years 
ago on 2-cyl engines, and proved successful even 
with the heavier distillate fuels. 

The diesel engines require separate intake and 
exhaust manifolds, since the intake and exhaust 
ports are on different head surfaces. 

The fact that the complete line of 4- and 6-cyl 
engines requires only four block castings minimizes 
foundry and machine shop inventory problems. As 
previously stated, two of these castings differ from 
their mates only in the number of main bearings. 
Scrap due to casting defects with the sleeve and 
deck block is about one-third of that encountered 
with the integral-bore block. 

All blocks, whether 4- or 6-cyl, gasoline or diesel, 
are machined over the same equipment. Fig. 11 
shows some top-side drilling on a 4-cyl block. There 
is space in the fixture and in the drill head to ac- 
commodate the 6-cyl block. The block passes 
through numerous conventional machining opera- 
tions. One of the operations significant to the 
sleeve, and deck construction is the machining of 


the sleeve pilot bores. A 2-spindle boring machine 
successively roughs and finish bores the cylinder 
sleeve pilots. This is a straight-through bore with 
step diameters to accommodate the rubber sealing 
rings on the liners. Fig. 12 shows the block in place 
for the pilot boring operations. For this operation 
and many others, the block is located in respect to 
reference holes in the pan rails. The sleeve pilots 
must be in very close alignment with respect to each 
other. The center-to-center dimensions must be 
controlled to gear center tolerances, rather than to 
the broader tolerances usually associated with cyl- 
inder spacing. A design feature of the engine is 
also illustrated. The block is so designed that a 
separate tappet side plate is not required, thus ef- 
fecting a cost savings and eliminating a potential oil 
leak. In the final machining operation (Fig. 13) 
dowel holes are reamed on the top surface at op- 
posite ends of the block in reference to the bottom 
pilot openings. These dowels engage the deck plate 
of the sleeve and deck assembly, assuring accurate 
positioning of the liners in the pilot bores of the 
block. The dowels also extend into the cylinder 
head to maintain alignment. 

The manufacturing of the sleeve and deck plate 
assembly starts with the centrifugally cast sleeves 
received from the vendor rough bored and cut to 
length (Fig. 14). The sleeves are turned, chamfered, 


and faced at both ends (Fig. 15), and then cleaned 
in preparation for brazing to the deck or sleeve plate. 
Oil, surface graphite, and iron oxide are all removed. 
Processing of the deck plate starts with shearing the 


Fig. 19— Deck plate flux 


control. 


Fig. 20 — Cylinder sleeve 
fluxing. 
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John Deere turns to 
sleeve and deck construction 
. continued 


3, in. thick stock to length and then punching all 
holes except the liner openings (Fig. 16). After a 
flattening operation, two locating dowel holes are 
drilled and reamed. The sleeve openings are then 
machined in respect to the dowels (Fig. 17). Fol- 
lowing a furnance stress-relieving operation, the 
plates are ground on both sides, with the finish 


Fig. 21 — Sleeve and deck prior to brazing. 


Fig. 22 —Sleeve and deck assembly — located in fixture where internal 
diameter is finish-bored at the same time that outside diameter open end 
of sleeve is flycut. 


40 


grind taking place to 5/16-in. thickness on a surface 
grinder utilizing a magnetic chuck (Fig. 18). Next, 
the dowel locator holes are finish-machined. This 
is followed by the finish size boring and counter- 
boring of the sleeve openings. The plates are in- 
spected for flatness, dowel hole location, and liner 
opening size. 

In preparation for assembly, the plates are in- 
dividually sprayed to control the flow of brazing 
flux (Fig. 19). After the cleaning operation, each 
sleeve is, in turn, mounted on an expanding arbor 
(Fig. 20). The preformed brazing ring is slipped 
over the end of the sleeve. The sleeve is lowered 
and rotated in the flux. The sleeves are selectively 
fitted into the counterbore of the deck plate, assur- 
ing a snug fit. The assembly is placed on a tray 
where a 3-pronged, 5-lb weight is suspended on the 
open end of each sleeve (Fig. 21). The weight as- 
sures the sleeve staying square against the counter- 
bore in the plate during brazing. During the early 
work, it was thought that the sleeves would need to 
be held rigidly with respect to each other and also 
with respect to the deck plate. Some massive fix- 
turing was built to Siamese the assembly together 
for brazing. One of the problems with this arrange- 
ment was, that small dimensional changes during 
the brazing and cool-off cycles resulted in its being 
nearly impossible to remove the fixture without 
danger of breaking sleeves off the plate. A better 
and simpler solution proved to be the use of the 
free-state type of fixturing, with individual weights 
to assure the sleeve sitting squarely in the counter- 
bore and free to move with temperature differential. 
Other than for the plates humping up a few thou- 
sandths of an inch during the cool-off portion of 
the cycle, there is little dimensional distortion 
attributable to the brazing operation. The humpup 
is largely offset by contouring the individual carbon 
trays on which each assembly rests while in the 
furnace. The furnace is maintained at 1200 F, with 
a total cycle time of 2 hr, only % hr being in the 
hot zone. The next operation is ultrasonic cleaning 
to remove any foreign material acquired in the 
furnace. The assembly is placed in a fixture to 
finish-bore the internal diameter and simultane- 
ously to flycut the outside diameter open end of 
each sleeve (Fig. 22). The work is located from the 
dowel holes in the plate and rigidly clamped flat in 
the fixture. Accurate location of the flycuts in re- 
lation to the dowels in the sleeve plate is a key op- 
eration, as this is the portion of the liner that en- 
gages the block and is positioned by the block to 
deck plate dowels. Here again, alignment and 
center-to-center distances must be carefully con- 
trolled. Much of the early experimental work was 
done without the flycut on the sleeves; however, 
variations encountered in production dictated the 
addition of the operation. The boring setup consists 
of three spindles. Nnmbers one and three bores are 
machined simultaneously with one spindle idle. 
The work table is indexed. Numbers two and four 
bores are then machined. The 6-cyl assemblies are 
machined in the same setup with one index of the 
table utilizing the third spindle. The cylinder bores 
are individually honed, air gaged, and classified as 
to size. 


> To Order Paper No. 395A .. . 


from which material for this article was drawn, see p. 6. 
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New power steering 


features increased flexibility 


Based on paper by 


E. H. Fletcher 


oring Center 


HE full-power power steering system developed 

by John Deere for its 3000 and 4000 series tractors 
allows the steering wheel to be mounted in different 
positions, without change in the subassemblies, as 
in the row crop model shown in Fig. 1 and the 
utility model shown in Fig. 2. The fuel tank can be 
mounted directly over the spindle, as shown in Fig. 
3. Where a spindle is not desired, cylinders can be 
used, as on the industrial model shown in Fig. 4. 

Other advantages of this system include: 


e Lower cost, through use of common pump. 

e@ Full-speed turns can be made, even at low en- 
gine speeds. 

@ Full pump displacement is available for steer- 
ing, although the operator cannot turn the 
steering wheel fast enough to use it all. 

@ Use of closed center valving has eliminated any 
tendency toward front wheel flutter. 


Description 


All the hydraulic functions provided on the 3000 
and 4000 series tractors, including power steering, 
are integrated into a central hydraulic system. This 
system is, in effect, made up of three parts: 


@ Oil supply. 
@ Hydraulic pump, control, and supply lines. 
@ Hydraulic function. 


A diagram showing the oil supply for the central 
hydraulic system is given in Fig. 5. The transmis- 
sion and differential case act as the oil reservoir. 
A gear pump driven from the transmission input 
shaft provides approximately 6 gpm at 100-psi maxi- 
mum pressure. About 2 gpm of this oil goes directly 
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to transmission lubrication. The rest is pumped 
through a 25-micron filter in the transmission case, 
then forward and through the hydraulic pump inlet 
manifold, the heat exchanger, and back to the trans- 
mission case. This circulation filters the oil, stabi- 
lizes transmission and hydraulic operating tempera- 
tures, and provides a slight supercharging pressure 
on the hydraulic pump. Two relief valves are used in 
the oil supply system: one to bypass the oil filter if 
the pressure drop exceeds 30 psi; the other to dump 
the circulating oil into the transmission case if total 
pressure exceeds 100 psi. 

The circuit for the hydraulic pump, control, and 
supply lines is shown in Fig. 6. A variable displace- 
ment pump is connected directly to the front of the 
crankshaft. The displacement of this pump is 





New power steering 
features increased flexibility 


. continued 


varied to meet the demands of each hydraulic func- 
tion, while the pressure is held between 2000 and 
2250 psi. All hydraulic functions are connected to a 
common pressure line and return through a com- 
mon return line. This return flow is recirculated 
through the oil supply circuit by introducing it be- 
tween the transmission lubricating pump and the 
oil filter. In this way, all oil is filtered before it en- 
ters the hydraulic pump. 

Now, for the third part of the system; the hydrau- 
lic function: in this case, the power steering circuit 
shown in Fig. 7. This is a full-power steering system 
with provisions for manual steering in case hydrau- 
lic power is not available, as when towing the trac- 
tor. 

Two subassemblies make up the complete power 
steering function. The steering valve shown in Fig. 
8 is located at the steering wheel. The steering mo- 
tor shown in Fig. 9 is located at the front wheel 
spindle. These two units are connected by high- 
pressure hydraulic tubing. A schematic drawing of 
these units is shown in Fig. 10. Four pilot-operated 
poppet valves are used to control oil flow to and from 
the steering motor, and adjusting screws are pro- 
vided on each valve. The poppet valves keep leak- 
age to a minimum without overlap. The pilot 
operation provides for low operating forces and the 
screw adjustments eliminate need for close manu- 
facturing tolerances and allow compensation for 
wear. 


Operation 


Operation of the valves during a power turn to the 
right is shown in Fig. 11. High-pressure oil is taken 
from the common outlet of the pump. The pump, of 
course, increases its stroke as needed to provide the 
necessary flow. The unloading valve and relief valve 
act as check valves, allowing the pressure to flow 
through to the two inlet poppet valves. 

When the steering wheel is turned to the right the 
steering worm moves down through the nut assem- 
bly, which is attached to the steering valve piston 
rod. This rotates the lower operating lever and 
opens the right-hand inlet valve and the left-hand 
return valve. High-pressure oil flows into the steer- 
ing valve cylinder, forcing the piston up. Oil from 
the top side of the steering valve cylinder is forced 
out through steel tubes to the steering motor, where 
it turns the spindle to the right. Return oil from 
the steering motor flows through the other steel 
tubes back to valve assembly and out through the 
left return valve to the common return in the circu- 
lating system. As mentioned, the nut assembly is 
attached to the steering valve piston rod. There- 
fore, when the piston is moved up the nut and worm 
also move up, returning the operating lever and 
valves to neutral. 

When the steering wheel is turned to the left, the 
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Fig. 1 — Row crop steering wheel location. 


ul 


’ 


Fig. 4 — Industrial steering motor location. 


Fig. 7 — Power steering for central hydraulic system. 
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Fig. 3 — Steering motor location. 


Fig. 5 — Oil supply for central hydraulic system. 


Fig. 6 — Hydraulic pump and stroke control for central hydraulic system. 


Fig. 8 — Power steering valve. 





Fig. 9 — Power steering motor. 
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Fig. 10—Schematic drawing of 
power steering mechanism. 


Fig. 11 — Power turn to right. 


SAE JOURNAL 





New power steering 


features increased flexibility 
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worm and operating collar move up through the nut 
and cause oil to flow, as shown in Fig. 12. In this 
case, return oil from the steering motor enters at 
the top of the steering valve cylinder and forces the 
piston down before returning to the circulating sys- 
tem. This moves the nut, worm, and operating col- 
lar down again, returning the control valves to neu- 
tral. 

So far we have turned to the right and to the left 
and only used half of the valves in the assembly. 
What are all the others for? As usual, the provisions 
for unusual conditions are more complicated than 
the basic function for which the unit is designed. 
The oil trapped between the steering valve cylinder 
and the motor must be relatively free from air. 
Therefore, two valves are provided in the steering 
valve piston and a bleed valve is provided in the top 
of the cylinder. These valves are used to bleed the 
motor, cylinder, and lines and to resynchronize the 
motor and steering wheel after bleeding. The valves 
in the piston also synchronize the steering wheel and 
spindle automatically in case of internal leakage. 

The unloading valve and relief valve allows man- 
ual steering when hydraulic power is not available. 
The unloading valve is normally held open by op- 
erating pump pressure. When this pressure dreps 
to the point where manual steering is required, the 
ball valve closes the inlet passage and opens the 
passage to the return line. This removes the pres- 
sure from the top of the relief valve and allows the 
passage from the return valves to the return line 
to close; making the steering cylinder, valves, and 
motor a closed circuit completely filled with trapped 
oil. Fig. 13 shows the system in this condition. The 
motion of the operating collar is limited by thrust 
surfaces in the valve housing. Therefore, if the 
steering wheel is turned when there is no hydraulic 
power, the operating collar will move endwise until 
it is stopped by the thrust surfaces, then the nut 
and piston will move, forcing oil from the steering 
valve cylinder to the motor to turn the spindle one 
way or the other, depending on which way the steer- 
ing wheel was turned. Fig. 14 shows operation 
during a manual turn to the right and Fig. 15 shows 
operation during a manual turn to the left. Manual 
steering is intended for emergency use only, when 
power is not available. 

The priority valve is another extra required for 
rather unusual conditions. The variable-speed en- 
gines used in the 3000 and 4000 series tractors allow 
operation at very low engine speeds. When using 
a number of hydraulic functions and operating at 
low engine speeds, it is possible to exceed the output 
of the hydraulic pump. If the load on the other 
hydraulic functions were less than that required 
on the steering, the steering could be affected. The 
priority valve is used to prevent this. Fig. 16 shows 
a cross-section of the valves, which are built into 
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Fig. 13 — Power steering without hydraulic pressure. 
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a junction block for the oil lines. The flow to other 
functions is restricted when the pressure in the 
steering drops below 1800 psi. 


Steering Characteristics 


How well does this steering system meet the design 
objectives? Let us compare it to the open center 
booster system used on John Deere tractors before 
and still used on most of the other tractors now on 
the market. Table 1 compares the 4010 to the model 
730. This comparison can be seen more clearly in 
the bar chart shown in Fig. 17. The maximum steer- 
ing rate is higher; the effort the operator must 
exert for a given rate is lower; the hydraulic output 
required from the pump for a given rate is lower; 
yet, the maximum torque available is higher. 

How do the horsepower losses under no-load con- 
ditions compare? Input horsepower to the steering 
pump only when not steering on the model 730 was 
measured at 2.55 hp at rated engine speed. Fig. 18 
shows the pump performance curves for the central 
system pump on the model 4010. Even though this 
pump has a maximum output of 25 hydraulic horse- 
power and serves steering, brakes, rockshaft, and 
remote functions, the losses at standby are less than 
those measured in the previous open center constant 
displacement steering system alone. 


>» To Order Paper No. 400B . . . 


Fig. 14— Manual turn to right. 


from which material for this article was drawn, see p. 6. 
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Table 1 — Comparison of Old and New Power Steering Systems 


Old System New System 
JD Model 730 JD Model 4010 
Maximum Steering Rate at Steering Wheel, rpm 75-129" 158-231" 


Steering Effort on Rim of Steering Wheel at 
Maxium Steering Rate, lb 45-5.5 3.5 


Power Required on Rim of Steering Wheel 
at 100 Rpm, hp 0.060—0.074 0.047 


Oil Flow from Pump at Maximum Steering Rate 
and Rated Engine Speed, gpm 7.46 2.7-3.9 
Pump Output Pressure, psi 950 2000 


Power Output of Pump Required for Maximum 
Steering Rate, hp 4.14 3.15-4.55 


Power output of Pump Required for 100 Rpm 
Steering Wheel Rate, hp 4.14 1.98 
Maximum Torque at Front Wheel Spindle, in.-lb 12,300—-14,900 17,300—17,900 


* Maximum steering rate of the 730 was limited by a flow control valve. 

» Maximum steering rate of the 4010 is limited only by the rated the steering wheel is 
turned. In this test it was limited by the 3.5-lb force applied at the steering wheel rim. 
If a larger force is applied, a faster rate will result. 
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Fig. 15 — Manual turn to left. Fig. 16 — Steering priority valve. 
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Fig. 17 — Steering characteristics — model 
730 versus 4010. 
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Fig. 18 — Pump performance. 
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Universal Engineer Tractor in Action. 


Versatile suspension devised 
for military crawler tractor 


System provides control of vehicle height and tilt with sus- 
pension in unsprung condition, in addition to usual features. 


R 


R. K. Reynolds and E. Mayer 


HE suspension system of the Universal Engineer 

Crawler Tractor allows the operator to control 
vehicle height and tilt with the suspension in the 
unsprung or rigid condition, as well as providing the 
usual springing, damping, and automatic leveling. 


Suspension analysis; 
component design and testing 


For sprung operation, it was planned to have all 
eight suspension units (each unit consists of wheels, 
arm, hydraulic actuator, valve, and accumulator) 
operate independently under dynamic loading. How- 
ever, this suspension in the sprung condition had 
to be capable of automatic leveling under widely 
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HE Universal Engineer Crawler Tractor is IHC’s 
answer to the need of the U. S. Army for a light- 
weight, multipurpose earthmoving machine. 


The inventors of the vehicle visualized a rec- 
tangular box minus the top and one end, as shown 
at A in the illustration. The bowl would be at the 
open end, the power train at the closed end. The 
next step (B) was to add a conventional ejector, 
which would separate the bowl area from the power 
train area, and an apron, which would close the 
open end of the box. Since the apron would be 
forward of suspension components, it was only 
logical to incorporate the dozer blade with it. 


The lower half of the dozer was hinged for 
folding, so that the angle of approach could be 
increased, when desired, for cross-country travel- 
ing. Choosing track instead of wheels would not 
only simplify drive problems (two sprockets versus 
four wheels) but would also increase traction and 
mobility. 


COUUEUDEADOUAEUAAN AOU TUT ODEEEEE EAE 


The key problem was how to raise and lower the 
cutting edges and how to design the suspension to 
provide springing during travel and rigidity during 
scraping and dozing. The design flexibility of 
hydraulics suggested the solution. 


By attaching a hydraulic cylinder to each of the 
wheel arms (C), height and tilt could readily be 
controlled by the operator, and the hydraulic fluid 
would give the required rigidity. The same cyl- 
inders could transmit fluid to accumulators (gas 
springs) for sprung operation. The operator could 
choose either the sprung or the unsprung condition 
by remotely actuating valves that would connect or 


HUUUOEE 


tH 


CTU 


varying loads. Since only three sets of leveling 
valves could be used (to avoid conflict), the sus- 
pension units were connected to obtain a three- 
point suspension statically (Fig. 1). A three-point 
suspension was also desirable for unsprung opera- 
tion. A crossover line between the actuators for 
the left and right rear suspension units located the 
effective support point midway between those units, 
and made feasible the vehicle feature of tilt opera- 
tions. 

A preliminary analysis of the vehicle’s weight 
distribution revealed: 


A. Maximum force on the cutting edge — which 
is desirable to start soil penetration — would result 
if the suspension’s rear pivot line in unsprung was 
at the No. 4 wheels, as shown by Fig. 2. 

B. The dozer blade would have maximum lifting 
force (desirable for moving stumps and boulders), 
and maximum stability if the front pivot line in 
unsprung would be at the No. 1 wheels (Fig. 3). 

Suspension arrangements “A” and “B” are not 
ideal from the standpoint of vehicle flotation and 
suspension simplicity. As a result, it was desired 
to incorporate maximum flexibility in the prototype 
suspension, until actual testing could determine the 
best locations for these pivot lines. 

C. The longitudinal center of gravity shifts sub- 
stantially forward when the empty vehicle is loaded 
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Basic design of Universal Engineer Tractor. 


disconnect the accumulators from the hydraulic 
cylinders. 


The prototype vehicie, which was completed in 
May 1960, has been tested extensively. Testing of 
a second-generation machine is expected to start 
in the near future. 


Related here, in brief, is the design evolution 
of the suspension system for this tractor. 


SUUUOOUEEE ENE VEE OEE 


with dirt. The front wheel loadings thus varied 
widely, from less than 1000 lb per wheel arm empty 
to more than 6000 lb per arm when the bow! is 
loaded. This large ratio (over 6/1) required the 
use of two accumulators per front unit (Nos. 1 and 
2), one precharged to a low pressure, the other 
precharged to a higher pressure. The resulting 
spring rate curves are shown by Fig. 4. This wide 
loading variation also required that the leveling 
valves be actuated in sprung operation when the 
arm moves above or below its normal position. 


Large variation in front wheel loading created 
another problem. When the operator disconnects 
the accumulators from the hydraulic actuators at 
the start of a bowl loading cycle, the pressures in 
the actuators and accumulators are identical and 
low; when the bowl is loaded, pressure in the front 
actuators is high. Some means had to be devised to 
raise the accumulator pressure up to or above the 
actuator pressure. One way would be to add balanc- 
ing valves, so that both pressures would always be 
equal. However, the simplest solution was to take 
advantage of the leveling valve circuitry. By having 
the “fill” leveling valve connected between the 
wheel valve and the accumulator, and the “drain” 
leveling valve connected between the hydraulic 
actuator and the wheel valve, the “fill” leveling valve 
would add oil to the accumulator until its pressure 
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Fig. 1—Plan view schematic of 
suspension reaction points. 


UNSPRUNG 


F, 


F, R E 


Fig. 2— Vertical force analysis. W= weight, empty; Fo=force at 
dozer cutting edge; F: = force at scraper cutting edge; R= reaction. 


R 
Fig. 3 — Vertical force analysis. W = weight, loaded; F. = lifting force, 
dozer blade; R = reaction. 
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Fig. 4— Spring rate curves 
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Versatile suspension devised 
for military crawler tractor 
. continued 


equalled that in the centralized circuit. Minimum 
pressure in the centralized accumulator circuit is 
slightly higher than the maximum anticipated 
static pressure in the hydraulic actuators. Con- 
sequently, whenever the body is lowered to pick up 
a load, the accumulators are automatically pres- 
surized to prevent any vehicle drop when the actu- 
ators and accumulators are once again connected 
for sprung operation. 

The front wheels have sufficient travel to permit 
the scraper cutting edge to dig 6 in. below grade 
level. However, this capability in amount of wheel 
travel could prove disastrous during high-speed 
cross-country operation; that is, the scraper cutting 
edge could penetrate the ground if the vehicle 
pitched sufficiently. A means to avoid this possi- 
bility was to add retractable upstops at the front 
wheel positions (Fig. 5). During sprung operation, 
these upstops would limit wheel travel to 6 in. above 
the normal position. When the operator pushes the 
unsprung control lever, the upstops would be auto- 
matically retracted at the same time that the wheel 
valves were being actuated. Incidentally, sprung 
upstops for the Nos. 1 and 4 wheel arms have rubber 
pads attached to reduce impact forces. 

The physical design aims for the suspension unit 


were to obtain a cartridge type of design, permitting 
ready installation and removal of the units from the 
vehicle; to incorporate leveling valves, which would 
sense arm position; and to combine the five func- 
tional components (actuator, manifold, valve, 
dampener, and accumulator) into one unit, so that 
high dynamic pressures need not be transmitted 
through fittings. The results of the design program 
are shown in Figs. 6 and 7. The advantages of 
rotary actuators (hereafter termed Rotacs) over 


Fig. 5 — Front suspension units and retractable upstops. 
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Fig. 7 — Exploded view of front sus- 
pension unit (without accumulator). 
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Fig. 6— Cross-section of hydro- 
pneumatic suspension unit. 
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Versatile suspension devised 


for military crawler tractor 
. continued 


hydraulic cylinders may be summarized as follows: 


1. Less space is required (thus permitting greater 
bowl width and capactiy). 

2. Body structure is simplified. 

3. Plumbing is more accessible, installation and 
removal of suspension unit improved. 

4. Hoses are not required. 

5. The Rotac serves as a combination hydraulic 
actuator and wheel arm housing. 

6. The normal internal leakage of a Rotac in- 
creases Oil circulation to better dissipate the heat 
that is created by the dampener. 


Fig. 9 — Schematic diagram of first 
hydropneumatic suspension. 


The disadvantages of Rotacs are the lack of ex- 
perience in this type of application, and the leakage 
characteristic. This internal leakage is an ad- 
vantage to dissipate heat, but made it difficult to 
maintain a fixed pivot point in the rear end (at Nos. 
3 and 4 wheels) during the work cycle. Were the 
actuators in the rear suspension units to leak, tilt 
operation would not be possible after a short period 
of time. Consequently, it was decided to use Rotacs 
in the front suspension units and hydraulic cyl- 
inders (Fig. 8) for the rear suspension actuators in 
the prototype vehicle. 

An aluminum manifold is bolted directly to the 
Rotacs; its function is to consolidate the three out- 
puts of the Rotac, and to house the two leveling 
valves. The cam which actuates the leveling valves 
is bolted onto the end of the arm shaft. The wheel 
valves are bolted directly to the manifold. They 
are a slide type of valve, and include the relief and 
dampener valves. Incidentally, the dampener func- 
tions only on rebound. The accumulators are 
similar to the commercial piston type, except for 
the high strength requirement (20,000 psi minimum 
burst strength) and a special end, which permits 
screwing the accumulator directly into the wheel 
valve. They are precharged with dry nitrogen gas. 

Two suspension units were mounted on an experi- 
mental Ordnance high-speed tracked vehicle, which, 
in sprung operation, was driven over a 4-in. bump 
at speeds up to 22 mph. These tests showed that 
pressures in the accumulators do not exceed 5000 
psi, even though simultaneous pressures in the 
Rotac and wheel valves were approaching 10,000 psi. 

As a result of successful component testing, the 
suspension design of the first prototype (UET) was 
finalized (Fig. 9). 

Each suspension unit contained all basic com- 
ponents, including a wheel valve and accumulator. 
Several manually operated needle valves were added 
to the plumbing so that the effective pivot lines 
could be shifted for experimental purposes. The 
piston pump had a 25-gpm capacity, 6000 psi normal 
rating, and was manifolded to split the output 
equally. This pump is capable of operating at 8000 
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psi for short periods of time. This pressure (8000 
psi) is desirable if the front pivot line is located at 
the No. 1 wheel. The control valves were of the 
closed-center, slider type. A pressure regulator 
valve controls the 2300—2700-psi pressure in the 
centralized accumulator circuit; this circuit fur- 
nishes oil for the leveling circuits and the wheel 
valve actuation. 

The mechanical components of the suspension 
are relatively conventional. The track is an Ord- 
nance type with the following characteristics; 18-in. 
width; cast-steel shoe; rubber bushed, single-pin 
design; center guide; and removable rubber track 
pad. The 28-in. diameter wheels are stamped from 
aluminum plate and welded, and have a solid rubber 
tire and a riveted-on steel wear ring. The alumi- 
num wheel hubs are a standard Ordnance part. 
The novel means to adjust track tension is shown in Fig. 10 — Final drive. 
Figs. 10 and 11. The entire final drive is rotated 
about the input pinion centerline by means of an 
adjusting screw. 


Test results of first prototype (UET) 


The first UET prototype had a weight of 20,000 lb 
empty and 40,000 lb loaded, and a top speed of 30 
mph. Testing to date indicates that the basic com- 
ponents of the suspension unit (Rotacs, leveling 
valves, manifold, wheel valves, and accumulators) 
are very reliable. The suspension fulfilled the de- 
sign requirements both in sprung and unsprung 
operation. In addition, testing indicated that con- 
siderable suspension simplification was feasible: 


1. Dozing capability with the front pivot line mid- 
way between the Nos. 1 and 2 wheel positions did 
not differ appreciably with that when the No. 1 
position was the unsprung reaction line. As a re- 
sult, Nos. 1 and 2 suspension units could be con- 
nected together (hydraulically bogeyed) at all times, 
both sprung and unsprung. This permits a reduc- 
tion of components (valves and accumulators) and 
of the maximum pressure required for the suspen- 


Fig. 11 — Track tension adjusting screw on final drive. 
sion to 4000 psi. . ; . 


2. Connecting No. 3 to No. 4 suspension unit moves 
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Fig. 13— Views of Hydrocontrol 
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Versatile suspension devised 
for military crawler tractor 
. . continued 


the rear pivot line forward and lowers the penetra- 
tion force of the scraper cutting edge from 5000 lb 
to 3000 lb. The latter force was still sufficient, thus 
permitting us to bogey the rear suspension units. 


3. When the tractor is empty or lightly loaded, 
track tension tends to snub movement of the front 
wheel. This result led us to question the value of 
the low-pressure accumulator for the front suspen- 
sion units. Jury test rides on roads and cross- 
country, with and without the low-pressure ac- 
cumulators operating, disclosed little appreciable 
difference in ride comfort in the bowl. 


4. The double-acting feature of the Rotacs proved 
to be essential for this machine. In traveling in an 
are from normal to full-up position, the front wheel 
stretches the track. This additional track tension 
hinders complete lowering of the vehicle unless the 
track is quite loose to begin with. However, the 
double-acting Rotacs, providing power operation of 
the wheels in either direction, readily overcome this 
difficulty. In addition, raising the front wheels 
during amphibious operation greatly increases the 
water propulsion efficiency. 


Second-generation machine (UET-E1) 


For the second generation of the Universal Tractor 
(Fig. 12), it was decided to change the method of 
height control for the rear support point during un- 


sprung operation. A novel arrangement of leveling 
valves will be used to maintain close control of 
mean height at the vehicle rear during unsprung as 
well as sprung operation, despite the problem of 
tilt operation. Adoption of this new leveling valve 
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arrangement permits use of Rotacs at all positions, 
greatly aiding standardization. This change, plus 
experience gained from the first prototype, led to 
the following improvements in the second-genera- 
tion vehicle: 


1. Lefts and rights are no longer required for 
the wheel arms, Rotacs, manifolds, and wheel valves. 


2. Eight Rotacs will be used instead of four Rotacs 
and four cylinders. 


3. The number of wheel valves has been reduced 
from eight to four. 


4. The number of suspension unit accumulators 
has been reduced from twelve to four. 


5. The retractable sprung upstops have been re- 
duced from four to two. 


6. The number of hydraulic fittings has been re- 
duced from 220 to less than 80. The plumbing con- 
nections are now primarily the manifold type, with 
each unit designed in a single-plane to facilitate 
production. 


7. Fig. 13 shows the new Hydrocontrol unit. This 
unit combines the hydraulic tank; filters; control, 
relief, and unloading valves; plus connecting lines. 
The control valves were changed to the open-center 


type. 


8. To minimize vehicle weight and improve main- 
tenance, aluminum was used as much as feasible in 
the suspension system: Rotac heads, manifolds, 
wheel valves, accumulator pistons, and Hydrocontrol 
unit, including the control valves, manifold block, 
and tank. 
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A boon to farmers— 


Tractor transmission 


with on-the-go shifts 


Based on paper by 


L. E. Elfes 


Massey-Ferguson, Ltd. 


HE MF-65 “Multipower” transmission developed 
by Massey-Ferguson for farm tractors was de- 
signed to meet the following basic requirements: 


e@ To have optimum balance between complexity, 
cost, and tractor flexibility in the field. This has 
been obtained by providing for powershifting be- 
tween two speeds in each of six ranges in the forward 
direction. (See Fig. 1.) 

@ To have a continuous power flow through the 
drive train, plus a smooth shift at all loads and 
speeds. This has been met by the combination of 
an overunning clutch, with a ‘single powershifted 
clutch unit. (See Fig. 2.) 

@ To fit the present transmission housing, with 
only minor machining changes — due to limitations 
of cost, plus present tooling. 


First design studied 
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EW transmissions are being developed for 

heavy-duty vehicles, such as farm tractors, 
off-high-way trucks, and earthmoving equipment. 
These units contain such features as finger-tip 
on-the-go shifts, made without interruption of 
power flow, and an increasing number of shifts 


The accompanying article discusses one of 
these new transmissions — the MF 65 hydrauli- 
cally shifted transmission developed by Massey- 
Ferguson for farm tractors. 


Future issues of the Journal will contain arti- 
cles on the following heavy-duty transmissions: 


e Twin Disc powershift transmission designed 
for off-highway trucks and self-propelled scrapers 
with engines up to 425-hp net rating 


e Caterpillar powershift transmission developed 
for track-type tractors, rubber-tired tractors, and 
the Traxcavator loader, which may be rubber tired 
or have tracks 
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The first design, based on these criteria, utilized 
a hydraulically actuated multiplate wet clutch, in 
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Tractor transmission 
with on-the-go shifts 


. continued 


combination with an overrunning clutch of the 
sprag-type to provide the shift on-the-go. The 
hydraulic oil for actuating the clutch was supplied 
from a small gear-type pump, driven from the 
tractor power take-off shaft, and mounted on a 
bracket secured to the standard tractor draft con- 
trol system hydraulic pump. Oil from this pump 
was supplied to a combination control valve and 
pressure-regulating unit contained in a small valve 
block mounted on the transmission input shaft 
bearing carrier. This control valve was actuated 
by a finger-tip control lever and mechanical control 
linkage extending through the top of the transmis- 
sion housing. 

The general arrangement is. shown in Fig. 3, ex- 
cept that the sprag-type overrunning clutch has 
been replaced by a jaw-type unit. 

The transmission housing is unchanged from the 
standard manually shifted transmission, except 
that two operations must be done after the trans- 
mission case is removed from the existing automated 
transfer plant. 

The manually shifted sliding gears in the trans- 
mission, which provide the six basic sets of speeds 
and the planetary compounding unit at the rear of 
the transmission, are unchanged from the com- 
ponents used in the manually shifted transmission 
and on which field experience extending over 500,- 
000 tractor units has been acquired. 

Several prototype transmissions were built and 
an intensive field and laboratory test program begun. 
After several hundred hours of field test experience, 
erratic engagement was noted on the overrunning 
sprag clutch of one of the transmissions. The unit 
was disassembled and the sprags carefully examined. 
Wear was found on the profile of the sprags. A 
tentative diagnosis of inadequate lubrication was 
made, and the gear housing was modified to provide 
additional oil holes for improved lubrication. How- 
ever, this incident raised a question as to the 
adequacy and durability of the sprag unit. 

In order to establish the absolute magnitude of 
the torque peaks reaching the overrunning clutch 
more accurately, and also the nature of the torsional 
vibration in the drive train, a prototype transmis- 
sion was instrumented with a strain gage torque- 
meter on the transmission input shaft. Strain gage 
oscillograph records were taken of the transmission 
input torque, both with the 3-cyl diesel engine used 
in the smaller Massey-Ferguson tractor and the 4- 
cyl engine used in the model 65 tractor. This in- 
vestigation covered engine speeds of 1000-2000 rpm 
and loads ranging from the minimum output neces- 
sary to propel the tractor on concrete to the maxi- 
mum output available from the engine. In addition, 
the transient conditions that occur at the moment 
the shift is made were also investigated. Repre- 
sentative sections from these oscillographs, for both 
steady-state and transient conditions, are shown 
in Figs. 4-8. These oscillographs show the con- 
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tinuity of power flow, and the smoothness of the 
shift obtained from the combination of the hy- 
draulic clutch and the overrunning drive. 

It was found from these tests that the sprag is 
subjected to cyclically varying engine torques from 
a low of 26 ft-lb to a maximum of 122 ft-lbs per 
cycle, and with a frequency of approximately 4000 
cpm, or approximately twice the engine speed in 
revolutions per minute. As might be expected, the 
torque peaks match the firing impulses of the en- 
gine cylinders. Moreover, the rate of change of 
torque is very high. 

This information made it necessary to reconsider 
the suitability of this type of overrunning clutch 
unit for this application. 

It can be appreciated that this was a crucial point 
in the development of the transmission, since the 
entire approach to the problem of providing a 
smooth shift had been based on the use of an over- 
running clutch unit. Moreover, space limitations 
within the housing precluded the possibility of using 
multiple wet clutch units. Careful analytical con- 
sideration was give to various other forms of over- 
running clutch units, including the ramp and roller 
configuration and ball and ramp combinations. 
However, all of these configurations suffer from 
the same basic drawback as the original sprag unit. 
That is, the torque is transmitted by virtue of high 
surface compressive stresses between curved sur- 
faces, obtained by a wedging action. The high 
cyclical variation in torque, and high frequency of 
these variations as revealed by the oscillograph 
records, made it seem probable that these units 
would suffer from the same problems as the sprag- 
type clutch — possibly to a still higher degree. 


Change to jaw-type overrunning clutch 


The only practical solution appeared to be an 
overrunning clutch that, when locked up, trans- 
mitted the torque by means of the positive locking 
action of jaw teeth rather than by a wedging action 
on balls or rollers and whole engagement char- 
acteristics were such that it would be unaffected 
by relatively high-frequency torsional vibrations 
through the drive train. A device meeting these 
requirements was developed by adaptation and 
modification of the familiar jaw-type overrunning 
clutch. 

The combination of such a coupling, a spring 
constantly urging it into engagement, and a helical 
spline results in an overrunning clutch with the 
feature of automatic lockup when the speed of the 
driving member and the coupling are synchronized. 
This arrangement is shown in detail in Fig. 9, along 
with diagrams showing the sequence of events that 
occur as the coupling is first disengaged from the 
lockup position and then overruns or freewheels. 

The coupling is subjected to a continuous bounc- 
ing or oscillating motion along its axis as it is urged 
into engagement by the spring and repelled by the 
contact with the angular faces of the mating teeth 
on the driving gear. Because of the relatively low 
inertia of the coupling and of the light spring force 
required, the forces involved are not large, nor is 
the resultant noise objectionable. In fact, when 
installed in the tractor, the overrunning coupling is 
just barely audible when the engine is at idle. 

It is apparent that this coupling overcomes the 
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Fig. 1 — MF 65 Multipower trans- 
mission allows shifts to be made, 
while the tractor is in motion, be- 
tween pairs of speeds in each of its 
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Fig. 3 — Multipower transmission. 
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Fig. 4-~—Steady-state variation in transmission input torque at half 
engine load. 


Tractor transmission 
with on-the-go shifts 


. . continued 


objections previously noted regarding the sprag or 
ball and ramp type. That is, the torque is trans- 
mitted by a positive drive between jaw teeth rather 
than by means of a wedging action, with resultant 
high surface compressive stresses. 

A number of prototype transmissions were built 
up with this type of overrunning clutch. The tests 
included both laboratory and extensive field work. 
Apart from some slight difficulty with engaging and 
disengaging characteristics, which was corrected 
by minor modifications to the tooth geometry, the 
couplings performed satisfactorily under exception- 
ally arduous field test conditions. To accelerate the 
tests, the number of shifts between the high and 
low range of the transmission was increased to 
approximately 14 times per minute. Obviously, 
this is far in excess of what would be encountered 
in any normal field usage, but the large number of 
engagement and disengagement cycles on both the 
coupling and the hydraulically actuated wet clutch 
permitted an accelerated evaluation of the dur- 
ability of the various drive train components. These 
periods of high frequency of shift under heavy load 
were alternated with periods of more normal usage 
in the field. 


Need to lower transmission oil temperature 


This portion of the test program indicated that 
the additional heat input to the transmission from 
the hydraulic charging pump for the Multipower 
transmission was resulting in an increase in trans- 
mission oil temperature over the standard trans- 
mission under the same operating conditions. It is 
apparent that this heat input is a maximum when 
the transmission is operating in high range; that is, 
with the hydraulically actuated clutch engaged, 
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TIME IN SECONDS 
Fig. 5 — Low-high shift at no load and 1200 engine rpm. 


since under this condition the hydraulic pump is 
delivering its full flow against a constant pressure 
established by a pressure-regulating valve in the 
circuit. Fig. 10 shows a schematic diagram of the 
hydraulic circuit. 

It is relatively easy to deal with this additional 
heat load by means of an external oil cooler, but 
such a solution is expensive and requires the addi- 
tional complication of external hydraulic lines, 
which are always undesirable. Therefore, an 
attempt was made to modify the system to reduce 
the additional heat input to the transmission with- 
out compromising the performance of the unit. A 
transmission was set up in the laboratory and 
motored from the input side by a d-c dynamometer, 
which permitted input speed and torque to be 
established. The output shaft was connected to a 
second dynamometer. In this fashion, power losses 
in the transmission at various speeds and load levels, 
both with and without the charging pump in the 
circuit, were established. In addition, the stabilized 
transmission oil temperature for various ambients 
was also determined. This stabilized temperature 
under laboratory conditions of quiescent air does 
not correspond to the transmission temperature in 
the tractor in the field, where radiator fan biast, 
air velocity due to tractor motion, and the like, will 
all affect the transmission temperature. However, 
the laboratory determination does permit the com- 
parison of various configurations under controlled 
conditions. 

Concurrently with the transmission power loss 
investigation, separate power checks were made on 
a small dynamometer on the hydraulic pump. The 
delivery of the pump was reduced progressively by 
reducing the face width of the gears in the pump, 
until field experience indicated that a safe limit had 
been reached for adequate speed of engagment of 
the hydraulic clutch. This reduction in pump flow, 
plus minor modifications to the details of the pump 
construction, reduced the power loss of the pump to 
the level shown in Fig. 11. Total power loss in the 
transmission, both with and without the hydraulic 
pump, and at various loads, is shown in Fig. 12. 
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Fig. 6 — Low-high shift at full load and 2000 engine rpm. 
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Fig. 9—— Jaw type of overrunning clutch. 
Diagrams show sequence of events that 
occur as coupling is first disengaged from 
lockup position and then overruns or free- 
wheels. 
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Fig. 10 — Multipower hydraulic cir- 
cuit diagram. 


Tractor transmission 
with on-the-go shifts 


. continued 


Fig. 11— Horsepower consumption of transmission charging pump 
(200-psi constant pressure, 185 F temperature). 
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This pump was installed in combination with the 
transmission on the test installation described 
previously. Then, a final set of curves was run 
showing transmission oil temperature versus time, 
with and without the hydraulic pump in the circuit. 
The results are given in Fig. 13. 

As a final check, the modified pump was installed 
in several prototype field test tractors. These 
tractors were operated side by side in the field with 
standard tractors having the same engine and 
equipped with the same implements. Engine load 
and speed were controlled on the test units to the 
closest limits practical. The tractors were operated 
around a square course so as to minimize or elimi- 
nate the effect of wind velocity or direction. This 
test indicated a final stabilized oil temperature on 
the Multipower transmission, operating continu- 
ously in high range, to be approximately 30 deg 
above that of a standard tractor operating under 
the same conditions. This result is in general agree- 
ment with the laboratory findings. Moreover, the 
installation of thermocouples at positions corres- 
ponding to the operator’s foot, shin, and knee 
showed that this increased transmission oil tem- 
perature resulted in an increased temperature at 
these points of the operator’s anatomy of only 3-5 
deg. 

Field evaluation by a large number of operators 
indicated that, subjectively, there was no important 
difference in operator comfort. 

Fig. 14 shows the power flow in the transmission. 
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Fig. 12— Multipower transmission 
horsepower consumption. 


Fig. 13 — Comparison of tempera- 
tures recorded in Multipower trans- 
mission and standard transmission. 
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Fig. 14 — Power flow in Multipower transmission. 
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Oliver's new '1800" 


.. . designed to make best possible 


Excerpts from paper by 


T. H. Morrell and K. S. Minard 


Oliver Corp 


LIVER’S new 1800 gasoline engine is the result 

of applying to our basic Super 88 gasoline en- 
gine the concepts developed on the XO-121 engine — 
a 12/1 compression ratio experimental engine, which 
gave exceptional performance and fuel economy. 


Two-piece cylinder head 


For our development work, we decided to apply 
a new cylinder head of two-piece construction with 
an XO-type combustion chamber to the Super 88 
engine. We had been experimenting for some time 
with two-piece cylinder-head designs and had ac- 
cumulated considerable field experience with several 
hundred two-piece heads on the Super 88 and other 
models. 

The design consists of a main lower cylinder-head 
casting with a separate cover casting, as shown in 
Fig. 1. The mating surfaces of the head body and 
cover are first machined, then assembled with a 
gasket between them. The remainder of the ma- 
chining is accomplished as if the head was of one- 
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piece construction. The benefits derived from such 
a design are: 


1. Easier to cast. 
2. Reduced dry sand core weight. 


3. Reduced casting scrap from core shift or blow- 
holes. 


4. Easier to clean. 


5. Elimination of cooling restrictions by removing 
all fins, core wires, and core sand. 


6. Easier to inspect and determine if casting is 
sound prior to machining. 


The adaptation of the two-piece construction is 
desirable for more consistent cooling to permit 
maximum performance from a high-compression 
engine. 


Compression ratio study 


The first step in the development of this new en- 
gine was to evaluate the performance of the XO- 
type combustion chamber at various compression 
ratios and compare this performance to the yard- 
stick previously established by the XO-121 engine 
studies. To accomplish this, cylinder heads were 
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Fig. 1 — Two-piece cylinder head consists 
of main lower cylinder-head casting with 


separate cover casting. 


tractor engine 


use of available fuels. 


provided with compression ratios of 7.0, 8.0, 9.5, and 
12.0/1. Figs. 2 and 3 show cross-sections of the 7/1 
and 12/1 cylinder heads. Intermediate compression 
ratios were obtained by varying the depth of com- 
bustion chamber. The 18-mm spark plugs were 
located on the left side of the engine between exter- 
nal (nonwater jacketed) exhaust ports. The valves 
and roof of the chamber were placed at a 12-deg 
angle. 

Fig. 4 shows the performance of this engine with 
the XO-type head at various compression ratios 
and the performance of the XO-121 at the same 
ratios. To eliminate the adverse effect of detonation 
on performance, special nonknocking high-octane 
fuel was used for this comparison. Although the 
Super 88 showed acceptable performance at the 
various ratios and response to changes in ratio, the 
results were not as good as our previously estab- 
lished XO-121 “yardstick.” This is noted by the 
higher brake mean effective pressure and lower 
specific fuel consumption of the XO-121 at each 
compression ratio. These results illustrate that 
design principles employed on one engine do not 
necessarily hold true on another engine with a dif- 
ferent design configuration. It became evident that 
additional refinement would be required to secure 
peak performance. 

This further development of the Super 88 engine 


OCTOBER, 1961 


Fig. 2— Cylinder head with 7/1 compression ratio. 


Fig. 3 — Cylinder head with 12/1 compression ratio. 
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COMPRESSION RATIO 


Fig. 4— Performance comparison of XO-121 engine and Super 
88 engine at 1600 rpm, without fan. 





Fig. 5 — Crankshaft with seven main bear- 
ings. 


Oliver's new ‘1800” 
tractor engine 
. continued 


was resolved into the following phases for additional 
studies: 
1. Structural rigidity. 


2. Combustion-chamber configuration. 
3. Induction and exhaust system analysis. 


Structural rigidity 


The results of some early tests indicated that per- 
formance might be improved by increasing struc- 
tural rigidity. A prime factor in the structural ri- 
gidity studies was to provide increased engine life 
through great durability, in addition to improved 
efficiency and low cost of operation. Since we were 
carrying out a parallel future diesel program, which 
might also benefit from increased structural rigidity, 
and considering operation at speeds considerably 
faster than 1600 rpm, we decided to test and evalu- 
ate a crankshaft with seven main bearings, as shown 
in Fig. 5. At the same time, a full-pressure lubrica- 
tion system with high-capacity gear pump was in- 
corporated, replacing the metered system previously 
used. 

Friction studies showed no noticeable difference 
between the engine with seven main bearings and 
the production engine with four main bearings. Any 
added friction of the three additional main bearings 
could not be detected. At high speeds, power output 
was slightly improved and engine operation was 
somewhat smoother with the seven-bearing engine. 
Thus, we decided to adopt the seven-bearing design 
for our overall future engine program. 


Combustion-chamber configuration 


The next step was to concentrate on combustion- 
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chamber configuration and to develop a high-ratio 
chamber, which would provide maximum power and 
economy using regular gasoline. For this study, the 
8.0/1 compression ratio head was selected. 

We felt that performance could be improved by 
increasing the amount of turbulence in the chamber 
through improved squish action. There appeared 
to be a “dead area” at the shallow end of the cham- 
ber, especially at lower compression ratios. The first 
attempt to correct this problem was to bevel the 
back wall of the chamber at a 45-deg angle, as shown 
in Fig. 6. The results of this modification were dis- 
appointing, indicating a performance loss of approx- 
imately two horsepower, apparently due to a reduc- 
tion in the squish area. 

Squish height (distance from piston to cylinder 
head) was also investigated, and the optimum height 
was determined to be 0.040—0.060 in. The squish path 
was very important to concentrate the fuel-air mix- 
ture in the spark-plug area. When spark plugs were 
evaluated, the projected-nose type was found to pro- 
vide a slightly flatter spark traverse curve with bet- 
ter power at retarded spark settings. These results 
held true in additional developments. 

The next attempt to improve turbulence was to 
reduce the depth of the combustion chamber by us- 
ing the 9.5/1 ratio cylinder head and placing the 
remainder of the combustion-chamber volume in the 
piston to obtain an overall ratio of 8.0/1. This com- 
bination is shown in Fig. 7. This design, called the 
“concave piston,” provided a more compact cham- 
ber, locating the spark plug closer to the squish path. 

Cooling was improved in this step, as compared to 
the designs shown in Figs. 2, 3, and 6. The compres- 
sion rings were changed to a deeper section and 
moved down so that the top ring did not traverse 
above the water jacket. This reduced the tempera- 
tures in the ring belt, thereby providing longer ring 
and piston life. 

Another combustion-chamber configuration called 
the “wedge or hump piston” was also tested at 8.0/1 
ratio. As shown in Fig. 8, this consisted in machin- 
ing the roof of the combustion chamber and provid- 
ing a matching wedge or hump on the top of the 
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piston. A portion of the combustion-chamber vol- 
ume was provided by lowering the flat deck of the 
piston approximately 3/16 in. below the top of the 
sleeve. We believed that this design, while still re- 
taining a compact chamber, might improve per- 
formance by directing the squish directly past the 
valves to the spark plug, thus creating better turbu- 
lence and scavenging in the spark-plug area. 

To evaluate fully the performance of these cham- 
bers with fuels of different octane ratings for com- 
parison with the flat-piston design, the knock-rat- 
ing procedure previously developed by Ethyl Corp. 
was employed. Basically, this procedure involves 
the following three steps: 


1. Running a series of spark traverse curves at 
various speeds, using a special high-octane develop- 
ment fuel to prevent knock. The development fuel 
is similar to a regular-grade gasoline in all respects 
except octane number. The carburetor is adjusted 
to deliver the final calibration air/fuel ratio at each 
speed. The runs provide power and specific fuel 
consumption data for spark timings ranging from 
greatly retarded to beyond maximum power without 
interference from knock. 


2. Determining knock-limited spark timings at 
various speeds on two series of special full-boiling, 
commercial-type reference fuels. The fuels in one 
series have zero sensitivity, whereas those in the 
other have a sensitivity of 10. Motor octane num- 
bers range from 72 to 87 in 5-octane increments in 
each series. Thus, the fuels range from 72 Motor-72 
Research, to 87 Motor-97 Research. The knock- 
limited spark timing is that required to produce a 
barely audible knock (commonly called trace or bor- 
derline knock). The same air/fuel ratios used dur- 
ing spark traverse tests on development fuel are 
maintained during the knock tests. 


3. Interpolating between reference fuels to deter- 
mine spark timings for borderline knock on fuels of 
any desired octane number and sensitivity, and then 
finding the corresponding power and specific fuel 
consumption data from the spark traverse curves. 

For our analysis of the three combustion cham- 
bers, we selected the following three hypothetical 
fuels: 


Low 80.5 Motor, 88.5 Research 
Average 83.0 Motor, 91.5 Research 


High 86.0 Motor, 95.0 Research 


The borderline knock-limited performances of the 
three combustion chambers with these hypothetical 
fuels are shown in Figs. 9,10,and11. In these tests, 
the concave piston design provided superior per- 
formance with all three fuels, indicating good fuel 
utilization regardless of fuel quality. Although the 
wedge piston did not perform well with low-quality 
fuel, its performance improved at a greater rate 
than that of the other chambers when higher qual- 
ity fuels were used. Data were not taken at speeds 
above 2200 rpm, but the results indicated that the 
wedge piston might perform quite well at higher 
speeds. Some trouble was encountered with the 
wedge pistons, due to a hot spot at the top of the 
wedge. This hot spot, which caused preignition, was 
reduced but not entirely eliminated by redesign of 
the underhead of the piston. 

An evaluation of the data obtained to this point 
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Fig. 6 — Beveled-back combustion chamber with 8/1 com- 
pression ratio. 
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indicated a possibility of reverse squish between the 
piston and head underneath the spark plug. This 
reverse squish appeared to counteract the main 
squish from the other side of the piston, thereby re- 
ducing the turbulence in the spark-plug area. To 
investigate this possibility, a new cylinder head was 
designed, as shown in Fig. 12. In this design, the 
valves were placed at an 11-deg angle instead of 12 
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Oliver's new ‘1800’ 
tractor engine 
. continued 


deg to obtain better rocker arm action, and the 
combustion chamber was shifted toward the spark- 
plug side. The spark plug remained on the left side 
of the engine between exposed (nonwater jacketed) 
ports, but the ledge connecting the ports at the edge 
of the head was removed to prevent accumulation of 
dirt and trash around the spark plug. This head, 
which was tested with the flat piston, appeared equal 
to or slightly better than the previous flat-piston 
designs. 

It became evident at various stages of the develop- 
ment that spark-plug life could be improved ma- 
terially if the plugs could be moved away from the 
exhaust ports. Since the distributor was on the 
right side of the engine, it was desirable that the 
plugs be on the same side. Therefore, we decided to 
reverse the cylinder head and combustion chamber, 
placing the plugs on the right side while leaving the 
intake and exhaust ports on the left side of the en- 
gine, as shown in Fig. 13. To improve cooling around 
the spark plug still further, it was necessary to de- 
crease the plug size from 18 mm to 14 mm and use a 
3% in. reach plug. The combustion chamber was 
shifted farther toward the spark-plug side to elimi- 
nate reverse squish and to gain more squish area 
opposite the spark plug, as can be seen in comparing 
Figs. 7 and 13. Since the concave piston had con- 
tinued to show improved fuel utilization over the 
wedge or flat-top pistons, all further development 
was continued with the concave design. 


induction and exhaust system analysis 


In anticipation of higher operating speeds and for 
better breathing, intake and exhaust valves and 
ports were enlarged. The reversed combustion 
chamber also permitted more streamlined intake 
and exhaust ports, which reduced restriction of the 
intake air. 

Studies of camshafts for higher speeds were made 
to determine if further improvements were possible. 
We evaluated a series of five different camshaft de- 
signs in which the lift and the opening and closing 
events were varied. The best camshaft design had 
the same timing as the original Super 88, but ap- 
proximately 17% greater lift. The profiles of these 
two camshafts are compared in Fig. 14. Fig. 15 in- 
dicates considerable improvement in performance 
with the new high-lift camshaft throughout the 
speed range. To determine the necessary ramp de- 
sign for this cam, a Lashograph was employed to de- 
termine lash loss under all conditions of operation. 
This was an optical device (obtained from Ethyl 
Corp.) which visually indicates valve lash during 
operation. 

Manifold investigations were conducted though- 
out the entire development program, with various 
designs being tested. The original exhaust mani- 
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Fig. 9 — Borderline knock-limited torque with low hypo- 
thetical fuel (8/1 compression ratio). 


Fig. 12 — Revised head with valves placed at 11-deg angle 
instead of 12 deg — to give better rocker arm section. 
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Fig. 15 — Camshaft performance comparison with non- 
knocking fuel. 
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Fig. 13 — Final head and piston design. Fig. 14 — Intake cam profile comparison. 


Fig. 16 — Revised exhaust manifold. 
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Oliver's new “1800” 


tractor engine 
. . continued 


fold connected to cylinder-head exhaust ports that 
were not water jacketed presented a warpage prob- 
lem, which was reduced by reversing the head and 
jacketing the exhaus* »orts. Further improvements 
in the exhaust m»p Id were made by using a 
special high-streng:::; 1«:w-growth cast-iron alloy, 
increasing the runner size by 25% and providing 
ribbing, as shown in Fig. 16. 

The intake-manifold investigations involved de- 
termination of riser and runner size, manifold shape, 
placement and amount of manifold heating, and 
riser length. In the final design, heat was applied 
to the top of the T section above the riser, and a 
rectangular runner was employed to reduce any 
tendency for fuel to centrifuge out of the mixture. 
Individual porting of each cylinder was incorpo- 
rated. 
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Fig. 17 — Borderline knock-limited torque with anticipated 
1961 regular-grade fuels. 
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Fig. 18 — Final performance comparison with standard ac- 


cessories — carburetor adjusted to give 97% of maximum 
power. 


Final performance 


Following the completion of work on the induc- 
tion system and related components, a borderline 
knock-rating analysis was again employed to de- 
termine the maximum compression ratio at which 
the engine could be operated when placed in pro- 
duction. For this analysis, typical 1961 fuels with 
octane ratings as follows were selected: 


Low 82.5 Motor, 90.5 Research 
Average 84.0 Motor, 92.5 Research 
High 85.5 Motor, 94.5 Research 


With these fuels, it was found that the engine 
developed maximum knock-limited power at a com- 
pression ratio of 8.5/1. This ratio was, therefore, 
selected for production. Fig. 17 shows the perform- 
ance of the Oliver 1800 engine at borderline knock 
with these three typical fuels. 

A comparison of final performance of the Oliver 
1800 gasoline engine as released for production with 
the original XO-121 engine and the Super 88 with 
the XO-type combustion chamber (all at 8.5/1 
compression ratio) is shown in Fig. 18. These curves 
indicate the performance improvements obtained 
by the additional development of this engine and 
show that the performance goals established by 
the XO-121 at the same ratio can be obtained on a 
production engine. 

One of the main objectives of this long-range re- 
search program was to maintain good economy 
throughout the complete operating speed range of 
the engine. The results were very gratifying, as 
evidenced by the relatively flat fuel economy curve 
in the speed range of 1000-2200 rpm. 

This research program also permitted improve- 
ments in our diesel engines which were derived from 
the two-piece cylinder head and studies of mani- 
folding, camshaft timing and profile, valve lash, 
lubrication and other design characteristics of a 
minor nature. 

On Nebraska Test No. 766, the model 1800 estab- 
lished a new all-time fuel economy record of 0.472 
lb/hp-hr or 13.18 hp-hr/gal on the maximum-power 
power-take-off test. Under the current test pro- 
cedure (instituted in 1959), the following fuel econo- 
mies were obtained: 


Fuel Economy 
Lb/hp-hr Hp-hr/gal 


0.472 13.18* 


Test Description 


Maximum Power — PTO 
Varying Power — PTO 

Rated 

¥% Rated 

Maximum 

4, Rated 

¥, Rated 

Average 
Maximum Drawbar Power 
75% Pull Drawbar 0.566 10.992 
50% Pull Drawbar 0.688 9.04 


®Denotes new record for current test procedure 
established by Test No. 766. 


These records were established, despite a governed 
speed of 2000 rpm with power-consuming accessories 
such as power steering and hydraulic pumps. 


To Order Paper No. 395B .. . 
from which material for this article was drawn, see p. 6. 
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9.56" 
13.14* 
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Fig. 1 — AChieverfone vehicle telephone permits 
telephone operator to dial a particular vehicle and 
have only that vehicle’s telephone ring. 


Electronics industry gears 


for mass auto penetration 


driverless vehicles 


collision-proof highways 


Based on paper by 


Arthur J. Runft 


AC Spark Plug 


LECTRONICS are expected to find increasing ap- 

plication to motor vehicles in the future. Look- 
ing ahead to the 1970’s, three general areas appear 
unusually attractive: 


1. Guidance and control. 
2. Safety. 
3. Communications. 


Guidance and control 


The potential of electronics for guiding and con- 
trolling vehicles is immense. Radio, radar, modu- 
lated light, and inertial guidance systems could be 
used. 

Electronics could replace the toil of the Kansas 
wheat farmer by directing tractor, planter, plow, or 
combine back and forth across vast acreages to sow 
and reap his grain. It is technically feasible to estab- 
lish such routine parallel paths of motion with elec- 
tromagnetic or inertial techniques and automati- 
cally guide an unmanned machine along them. 
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. . glove-compartment telephones .. . 


. all are forecast for the 1970's. 


Turns at the end of a row or more complicated ma- 
neuvers could be achieved by using a two-dimen- 
sional programming computer. 

Under development today are large, automatically 
guided mining vehicles which will traverse remote 
river-bed areas of Bolivia to carry out tin ore. At 
these rivers they will be automatically loaded with 
silt which contains the tin ore. Loading will be 
started by special controls which detect when the 
silt is sufficiently deep for proper operation. When 
the ore carrier is filled, it will automatically travel 
many miles back to the mill and civilization. The 
entire process of loading, hauling, and unloading 
will be accomplished without manpower. 

Is it preposterous to envision a fully automated 
coal mine where automatic vein detection, digging, 
and loading puts coal in cars which are guided to the 
surface for conversion to low cost electric power? 

Fully automatic earthmovers or road graders may 
take their place in the construction and mainte- 
nance of tomorrow’s roads. Guidance could be ac- 
complished by electromagnetic radiation or inertial 
systems. Today, tilt of the blade can be servoed to 
any desired angle by referencing it to a pendulous 
unit to detect vertical position. Location of a sur- 
face generated by the cutting blade could be con- 
trolled by establishing a radio wave plane in space 
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mass auto penetration 


. continued 


parallel to and a few feet above the desired cut. An 
antenna affixed to the top of the grader or dozer 
passing through this radio plane could detect devia- 
tions above and below it. As the machine moved 
along its path, these antenna signals could then 
servo the blade up and down in height to cut a sur- 
face exactly parallel to the radio plane at a prede- 
termined distance below it. 

Perhaps even greater potential exists for elec- 
tronic guidance and control of vehicles whose mo- 
tion is confined to specifically defined roadways. 
Trucks, buses, automobiles, and other conveyances 
will probably travel down the “electronic highways” 
of tomorrow at speeds up to 150 mph without need 
for control by the driver. 

Guidance devices could assume one or more dif- 
ferent configurations. For example, an electrical 


Electronics promise driverless tractors to pull hay balers, plows, 
planters, and other farm machines. 


cable buried beneath the road surface could trans- 
mit signals to coils on the vehicle to guide it along 
the cable path. This method is currently being in- 
vestigated in the GM Research “Auto-Control Sys- 
tem.” 

An alternate method of providing lateral guidance 
could be achieved by using trough-shaped roadways 
or ones with parallel retaining walls. Side-looking 
proximity devices could keep the vehicle in the 
middle of the road at all times. 

A third scheme for guidance might transmit steer- 
ing information to passing vehicles from antennas 
located beside the highway. 

With any of these guidance systems, more sophis- 
ticated information than simple left-right lateral 
signals will have to be considered. Before proper 
signals can be applied to the steering gear, accelera- 
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tor, and brakes, a small computer in the vehicle will 
have to operate on such inputs as: 


. Deviation from road center. 
Rate of change of deviation. 
Velocity of vehicle. 

. Acceleration of vehicle. 

. Anticipated turning rates, and 
the velocity and acceleration re- 
quired for the turn. 

6. Road conditions. 
7. Wind. 
8. Spring suspension characteristics. 


Computer techniques of this type are being ap- 
plied to missiles and many aircraft today. 

Some inputs to the computer will come from out- 
side of the vehicle and will be a function of its posi- 
tion along the highway. These inputs could be pro- 
vided by modulating the signals transmitted to the 
vehicle by tones, phase shifts, or pulses. Typical 
commands conveyed to the automobile might be: 
“Start turning left 400 ft from now at the rate of 5 
deg per sec,” or “Immediately slow down at 5 mph 
per sec until you reach a velocity of 20 mph prepara- 
tory to stopping at toll gate.” 

The typical automobile of tomorrow will probably 
assume a dual functional role. In one mode of op- 
eration, it will be driven on conventional roads much 
as it is today. In the other mode, the car may take 
on a guidance attachment and an auxiliary propul- 
sion device so that it may automatically travel on 
the “electronic highways” at very high, fixed speeds 
with controlled intervals between cars moving in the 
same direction. 


Safety 


Like guidance, the field of vehicular safety affords 
many opportunities for electronic development in 
the years to come. 

The “electronic highways” could include a system 
computer with a memory device to keep track of 
every vehicle on the road and to maintain fixed in- 
tervals between the vehicles. Thus, any car seeking 
entrance to the highway could be programmed into 
the traffic flow in a vacant slot and at the speed 
established for all vehicles in the system. This tech- 
nique would avoid traffic maneuvers, such as pass- 
ing, and would eliminate merging, tail-end, or 
head-on collisions. 

More sophisticated safety equipment might be 
contained within the individual automobile travel- 
ing the electronically automated highways. This 
could include a forward or rear-looking proximity 
warning device operating on the principle of radar 
or infra-red radiation. Such a device would auto- 
matically apply brakes to the car in the event that 
it is too close to another vehicle or that its rate of 
closure is excessive for a certain minimum distance 
of separation between vehicles. The same mecha- 
nism could be used on conventional roadways to 
warn a driver of an impending collision so that he 
could manually slow down. 

Another electronic unit to enhance vehicular 
safety might appropriately be called the “Safety 
Signal Receiver.” This would be a simple radio re- 
ceiving set installed in each vehicle. Its exclusive 
purpose would be to receive official messages trans- 
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mitted to promote safety. These messages or sig- 
nals would be controlled by law enforcement agen- 
cies and radiated to the vehicular receivers at 
discrete positions as needed along the roads. This 
technique would probably be most useful to manu- 
ally guided vehicles traveling on roads as we know 
them today. 

A typical transmitted message might be, “Five 
inches of water covering pavement 1.2 miles ahead. 
Decrease speed to 5 mph before reaching that point.” 
Or, a fire truck or police car might carry a small, 
controlled radiation transmitter. While on an 
emergency mission, this transmitter would radiate a 
warning signal over a 4-5 block area to alert drivers 
that an emergency vehicle was speeding along in 
their vicinity. In the event of war, warning of an 
impending enemy attack could be transmitted to 
vehicles equipped with this receiver. 

Another safety device might appropriately be 
termed the “Stop-Thief Alarm.” A simple radio 
transmitter could be installed at some totally inac- 
cessible location in the vehicle. If the car were 
started and put into motion without properly un- 
locking the doors and turning on the ignition Key, it 
would transmit a distinctive r-f alarm signal indi- 
cating that the vehicle had been stolen. This sig- 
nal would be received by law enforcement officials so 
that the criminal could be apprehended immedi- 
ately. 


Cg: 
2,030 CODES 
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Communications 


The future should bring an ever-increasing de- 
mand to communicate between the automobile and 
home or office. Furthermore, futuristic electronic 
highways should result in automated vehicles with 
interiors to serve as a mobile office during intercity 
travel. This interior conceivably contains such 
things as a desk, a typewriter, a water cooler, and a 
dictation machine. There is just one essential miss- 
ing from this automotive office scene. It’s the tele- 
phone on the desk. AC Spark Plug is currently en- 
gaged in the development and production of vehicu- 
lar two-way radio-telephone equipment. 

Fig. 1 shows the AChieverfone —a new compact 
automotive phone. A major factor contributing to 
its small size is the development of a miniaturized 
selective signalling decoder. This device permits 
the telephone company operator to dial the discrete 
number assigned to a particular vehicle and have 
only that vehicle’s telephone ring. 

Fig. 2 shows a past-present-future evolution of 
decoders for vehicular telephone service. Note that 
through transistorization and new mechanical tech- 
niques, the present decoder has a capability for 
twenty-five times as many telephone number codes 
as its 1947 counterpart. Furthermore, it is about 
one-quarter the size of its predecessor. It is not 
unreasonable then that the decoder we expect to 
see before 1970 should have 10,000,000 codes and 
occupy a space no greater than 4.5 cu in. 

Microminiaturized components can be used with 
r-f power transistors, tunnel diodes, and thin films 
throughout the entire vehicular telephone equip- 
ment to produce a unit which can easily fit into 
the glove compartment of your car by 1970. And, 
we expect the automotive telephone to grow from 
the present 18,000 vehicles equipped to approxi- 
mately 5,000,000 within 10 years. 


To Order Paper No. 390A .. . 
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Fig. 2 — Evolution of telephone se- 
lective signal decoder. 





J on paper by 


R. W. Blake 
Pan American World Airways, Inc 
STOREHOUSE of experience has been gained by 
Pan American in the nearly three years it has 
been operating various models of the 707. Since 
July 1958, when they were first received, through 
March 1961, 133,997 aircraft hours had been accu- 
mulated —and enough distance covered for 2800 
earth orbits. All this while much data have been 
collected, pointing out where improvements can be 
made and where the design has proved to be more 
than adequate. 


Environmental experience 


It is summer somewhere on PAA’s routes every day 
of the year. By the same token the slush season is a 
continuing nine months problem. Surface tempera- 
tures as high as 113 F are encountered regularly dur- 
ing the hot season on the route from Beirut to Cal- 
cutta. In colder regions, fuel temperatures have 
gone as low as —42 F. Although the fregrency of 
exposure is low, geographical and flight time limits 
have been imposed on the use of fuel of — 40 F freeze 
point. This, to give a healthy margin when operat- 
ing across oceans or arctic wastelands. 

Flight crews report a high frequency of exposure 
to engine icing. One captain reported an occurrence 
on every trip last summer. Apparently, this is pri- 
marily crystaline ice particles in cirrus-type clouds 
which can cause fluctuation of engine pressure ratio 
gauges and may turn on the ice warning light. 

Airframe icing has not been a problem at jet cruise 
altitude. In climb and descent and on low level 
short flights the problem is the same as it was on 
piston aircraft. The heaviest buildup reported was 
1 in., which came off readily when anti-icing was 
turned on. Accuracy of thickness estimates is diffi- 
cult to know since the wings are difficult to see from 
the cockpit. Usually the first evidence of ice is on 
the windshield, which serves as a warning to turn on 
the equipment. 

There have been no reports of any case in which 
the anti-icing system could not handle the ice; or 
where external ice had caused any noticable drag or 
control system difficulties. A number of cases of 
stabilizer trim freezing have occurred, however, and 
a case of aileron binding, which could have been ice, 
has been reported. While modifications have been 
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made to minimize moisture accumulation in critical 
areas, it is not yet established whether the problem 
has been fully corrected. Basically, the anti-icing 
equipment is judged adequate and necessary. The 
Q-feel-spring heater, though, is felt to be a “go” 
item. 

With jet stream operation has come the expected 
very high wind velocities and clear air turbulence 
effects. The main difference from piston experience 
is the better capacity of using the jet stream when 
it was favorable and a greater need to avoid it when 
it was not, due to flying at altitudes closer to the 
core. Typical flight recorder readings in turbulence 
run +0.8g with a few extremes at + 1.0g. 

Trans-ocean flights are generally flown between 
31,000—41,000 ft, step climbing in 2000—4000 ft incre- 
ments. Flights of 1500-2500 miles in length are now 
flown at a constant altitude, usually the optimum 
for the gross weight at top of climb. Flights below 
30,000 ft are limited only to the shortest legs or oc- 
casions when no other flight level is available. Ear- 
lier, the shorter flights were flown around 20,000- 
25,000 ft, shooting for minimum schedule, but time 
savings were marginal and fuel cost excessive. 

For a time max cruise thrust was used between the 
West Coast and Honolulu in the interests of com- 
petitive speed. Here again the small gain in time 
did not prove worth the heavy increase in fuel 
burned. Normal cruise is now 0.82 Mach. Above 
this speed there are passenger complaints of the 
noise level, and also some evidence of a rougher ride 
in turbulence. The mean 1960 speed for the 707-300 
was 0.816; for the 707-121 it was 0.79. 

Non-stop flights such as the 4480 nautical mile 
Tokyo-San Francisco run, and the 4800 nautical mile 
London-Los Angeles flight, tax even the 707-300. It 
will take the 320 B to do the job properly, even after 
the capabilities of the 300 are improved by work now 
in progress. It takes favorable conditions to make 
these fights non-stop, and there is no question of at- 
tempting to carry a volume load limit. 


Runway experience 


Due to concern over runway length and strength, 
initial services started with weight restrictions al- 
most everywhere. Time and the pouring of con- 
crete has measurably eased that problem. After 
nearly three years of operation there has been no 
case of an airport where commercial jet operations 
has created a runway deterioration problem. Even 
where marginal strength was known to exist, jet op- 
eration has caused no acceleration of maintenance 
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requirements beyond the continued effects of previ- 
ous piston aircraft use. 


Fuel reserve usage experience 


Studies made of fuel reserve usage since 1958 show 
a mean reserve usage ranging between 7% reserve 
consumption and 3% under consumption. Standard 
deviations for various routes ranged from a high of 
+29.5% and a low of +17.2%. To give an idea of 
what these figures mean in terms of load, typical 
ocean reserves run around 20,000-—25,000 Ib. 

The reserves used in international operation un- 
der the U.S. Civil Air Regulations are judged to be 
conservative. The key indicator for evaluating a 
reserve system is the frequency of diversions. In the 
PAA studies, frequency of diversion ranged between 
04%. 


Noise 


One of the first questions which arises when jet 
service is inaugurated to a new city is: what will the 
noise exposure be? To this day, take-off weights on 
one runway at Idlewild and runways at two other 
airports in the world are limited to avoid exceeding 
a certain noise level over the immediately adjacent 
community. Preferential runways and departure 
and arrival procedures have been established at 
scores of other airports. At two airports, limits on 
night operation have been set and are enforced. 

At New York the problem was first eased by run- 
wayway construction in directions which took the 
airplane away from the community. Advanced 
thrust ratings on the JT3 engine helped. Introduc- 
tion of the 707-300 brought two improvements: bet- 
ter performance at the weights needed to fly the 
same routes and changed frequency spectrum of the 
engine noise. Subsequent increases in JT4 take-off 
ratings have helped further. 

A standard flight technique used to combat noise 
is to maintain V, speed plus 10 knots and reduce 
thrust just before reaching any noise-critical area. 
Standard engine pressure ratios of 2.1 for the JT3 
and 1.9 for the JT4 are used as a noise abatement 
thrust setting. Reduction is on a stop watch time, 
or over a visual landmark, at most places. At two 
airports a ground observer with a radio helps locate 
the correct spot more precisely for the crew. 

Initially landing noise was considered to be the 
lesser problem. Today it is the cause of the most 
frequent public complaints. There is no leeway with 
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this problem, though. The runway is where it is and 
sois the ILS. Attempts have been made to steepen 
glide slopes and/or move ILS reference points at 
some airports, with small practical effect. The most 
effective measures have involved traffic and limita- 
tions on minimum altitude while maneuvering 
around the airport. 


Powerplant experience 


The engine has been one of the brightest spots in 
the jet picture. Engine shut-down figures show 
that the average jet pilot would not expect to ex- 
perience engine-inoperative flight, except in train- 
ing, more than once in three years. This is even 
more impressive considering that the greatest single 
cause for in-flight shut-downs is a false fire warn- 
ing. Not that the engines never malfunction; a 
good deal of this success can be laid to detection of 
troubles on the ground. 

Several parts replacement programs have been 
made to correct hot section temperature problems 
on the JT3 and JT4. On the JT3 engine, even 
though the overhaul period has been allowed to dou- 
ble between early 1959 and late 1960, the hot section 
inspection between overhauls is still required. This 
type of problem is held basic in any wet engine due 
to the higher percent of dry rated thrust needed in 
cruise because of the additional weight that the wet 
take-off rating allows. The water system itself has 
a variety of problems, and the mineral content of 
water has been verified as being a critical factor. 

Foreign object damage, contrary to original ex- 
pectations, has not been a major problem. In the 
vast majority of cases when objects have gone 
through the engine, the damage still permits con- 
tinued operation for the full overhaul period. To 
date, bird damage has caused only one case of pre- 
mature overhaul and no case of in-flight shut-down. 

After some early experiences with multiple en- 
gine flame-outs they have become practically non- 
existent. The original flame-outs were due to water, 
which had accumulated in the anti-icing ducts due 
to leakage through seals in the water injection sys- 
tem, drowning the flame. 


Instrumentation 


A major program is in progress for improvement 
in auto-pilot coupler performance and reliability. 
The goal is nothing less than all-weather capability. 
In addition, PAA is developing a more attention-get- 





ting instrument failure warning system. 

Although there have been the usual bugs in the 
new basic air data system, the basically new features 
have worked very well. The drum altimeter, for ex- 
ample, has been particularly well received by the 
pilots. Basic accuracy has proved within the 4% 
quoted and reliability is good. One definite area for 
instrumentation improvement lies in the develop- 
ment of a Mach meter which can be more easily read 
in the cruise Mach range. 

Chronic problems with the EPR gages and the 
flowmeters have been experienced. Vibration was 
the trouble with the EPR gage on the 121, largely 
overcome on the 300 by relocation of the transmit- 
ter. Accuracy and readability have been the prob- 
lems with the fuel flowmeters. The same has been 
true of the fuel tank gages. They still cannot be 
relied on as the basic means for loading fuel on the 
airplane. 


Improvement and growth 


The following improvements have been incorpo- 
rated in the PAA 707 fleet: 


1. Increased JT3 thrust ratings. Parts for the ad- 
vanced JT3C-6 take-off rating have been incorpo- 
rated in all engines. 


2. Increased JT4 thrust rating. The -10 rating, 
which have been completed, increased the take-off 
thrust from 15,800 lb to 16,800 lb. The -12 rating, 
which have just started, gave a further increase to 
17,500 lb plus a 16% increase in cruise thrust. Both 
have improved the load-carrying capability off short 
runways on hot days as well as the ability to fly 
longer distances at 0.82 mach with a given load. 


3. Tail modification of the 121 and 300 series. En- 
gine-inoperative characteristics of the 707 are vastly 
better with the new tail; particularly the 121, which 
previously had no rudder boost. First the 121’s 
were converted to the original 300 series tail; now 
both fleets are being converted to the final fully 
boosted rudder configuration with the fin extension 
and added ventral fin. 


4. Fuel capacity increase of 707-300. Addition of 
three center section fuel cells provides 2450 gal more 
fuel capacity. 


5. Structural weight increase of the 707-300. This is 
a 10,000 lb increase, which together with the in- 
creases in fuel capacity and engine thrust will fur- 
ther improve economics of the airplane on the 
longer flight stages. Two aircraft have been modi- 
fied to date. 
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Underwater 


Based on presentation by 


D. S. Hacker and P. Lieberman 


ear oundation of Illinois Institute of Technology 
UTURE underwater vehicles may be propelled by 
underwater ramjet systems similar to the aero- 
dynamic ramjet. Such a system is being studied in 
the hope of developing faster underwater vehicles 
than conventional propeller systems. 

The main advantage of using a ramjet rather 
than an underwater rocket is a slightly higher 
specific impulse for the ramjet. When compared at 
the same velocity for the same distance, the ramjet 
is a more efficient device. The ramjet propulsion 
system is basically for short range operation; long 
range missions being precluded by the high rate of 
power consumption. Unfortunately, these propul- 
sion systems are still very noisy. 

A typical configuration for the vehicle might be 
that shown in Fig. 1. The ramjet must be initially 
boosted so that water is introduced to the combus- 
tion chamber at sufficient ram pressure to sustain 
operation. If a ramjet is launched at a velocity 
above that which will permit sustained operation, 
the vehicle will accelerate until the onset of cavita- 
tion, where thrust and velocity become steady. The 
fuel in the combustion chamber is water reactive, so 
that the water sprayed into the chamber acts as a 
co-propellant. The reaction products are expanded 
through a critical Laval nozzle. 

Only a fraction of the total energy released by the 
propellant is utilized by the working fluid. About 
50% of the available heat is used to raise the sensi- 
ble heat of the water to saturation condition, adding 
little to the thrust efficiency. The remainder is used 
to vaporize the water in order to do useful work. 

The speed of the underwater ramjet is determined 
by the existence of a positive net thrust condition 
at velocities below the cruising velocity. Cruise 
velocity is quite sensitive to the ramjet design pa- 
rameters since they affect net thrust. For example, 
the inlet cross-sectional area must be designed so 
as to optimize the mass flow rate of water into the 
combustion chamber. A typical ramjet would oper- 
ate at about half of the design thrust if the water 
intake were doubled. It would operate at only 
slightly above the design thrust if the water intake 
were reduced by half. 

Too much water intake tends to quench the re- 
action. Consequently, the quantity of steam formed 
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in the combustion chamber is insufficient to permit 
an ideal expansion process, resulting in low thrust. 
On the other hand, too little water intake will result 
in a superheated state of steam of such high specific 
volume that the design ram pressure may be insuffi- 
cient to permit passage of the intake mass flow rate. 
In this case water would have to be diverted from the 
intake until a stable condition of correct intake 
water flow is reached. Thrust would be improved 
slightly, but the operation in the superheat region 
increases heat transfer losses and calls for special 
materials which maintain integrity at high tempera- 
tures. It is expected that if the state in the combus- 
tion chamber lies in the reasonable temperature zone 
of the two-phase region, then thrust will vary only 
slightly with flow rate. Reduced flow will improve 
thrust, but at a diminishing rate, as the superheat 
region is attained. 

In addition to the intake passage design charac- 
teristics, the water intake rate also depends on the 
vehicle’s forward velocity. At the extreme boundary 
conditions of maximum and minimum allowable 
water intake, typical operations would require only 
small intake area variations. Therefore, the opera- 
tional limits of the ramjet are narrow because they 
are easily reached by small variations in intake area. 

The exhaust nozzle expansion process introduces 
further operational limitations. If it is assumed that 
the water droplets and steam vapor form a homo- 
geneous mixture with equal velocities at each trans- 
verse section of the nozzle, the critical expansion 
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Fig. | — Possible design for an underwater vehicle having ramjet propulsion 


process will depend on the ratio of combustion 
chamber pressure to the nozzle back pressure. High 
stagnation pressures and low back pressures are 
desirable for full expansion of the exhaust jet. 
Therefore, the best operating condition is achieved 
at a high forward velocity and shallow depths. 
There is a supersaturation limit of expansion 
beyond which the fluid will not behave as an ideal 
fluid. Then the expansion of a steam mixture 
through a supersonic nozzle will depend on the ini- 
tial drop size of the moisture in the wet steam. If 
large drops are present (10° in. diameter), a dis- 
crete increase in pressure will be observed and a 
transition to the mist state occurs. During the ex- 
pansion process the specific heat of the condensed 
liquid droplets is greater than that of the vapor. 
The mixture will not attain equilibrium and the 
drops will be hotter than the vapor. Anything that 
will disturb this metastable condition will condense 
the entire fluid and cause separation of the fluid 
from the nozzle walls and a loss in thrust. 
Thermodynamic analysis has shown that the un- 
derwater ramjet may never develop satisfactory 
thrust to overcome drag effects, especially with the 
propellants available today and when the possible 
energy losses are considered. Improved propellant 
configuration and composition, and other heat 
sources would aid in performance. In addition, the 
expansion of a three-phase mixture, such as exists 
in the ramjet, must be investigated to learn more 
about behavior and contribution to nozzle losses. 
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Management: 


Teach your engineers 


to design better with adhesives 


The rapid advances in adhesive technology are resulting in materials 
that have been proved; their use now depends, in part, upon providing 
the design engineer with a basic understanding of the capabilities of 
adhesives. Adhesive Bonding Training Programs pay dividends in re- 
duced costs, fewer production worries, and improved quality. 


‘ Ac t sie — as 
Based on report to SAE Engines ttee by 


Austin and Lloyd C. Jackson 


rt 
p 


James E. 


UTOMOTIVE, electronic, packaging, marine, in- 
dustrial, aircraft, missile, and other industries 
which must keep pace with modern designs should 
seriously consider instituting an Adhesive Bonding 
Training Program for their engineers, as a means to 
effect cost reductions, reduce production difficulties, 
and improve quality. 

The intent of the course would be to provide the 
design engineer with a general background of infor- 
mation on essentially all of the basic types of ad- 
hesives, so that he may be able to design his part 
better while recognizing the complexities of adhesive 
selection and application. This would result in 
better communications from drawing board to pro- 
duction assembly, supplementing the roles of the 
materials engineer or the technical salesman. 

The following is a typical four-hour basic adhe- 
sives course, presented in two sessions. 


Adhesive Characteristics 


Advantages and disadvantages 
Advantages of adhesive bonding 


. Allows fabrication of smoother contours. 

. Permits use of lighter weight (gage) materials. 
. Serves as vibration dampener. 

. Joins dissimilar materials. 

. Provides greater stress distribution. 

. Permits weight savings. 

. Reduces costs. 


Disadvantages of adhesive bonding 


1. Poor resistance to sunlight, heat, cold, rain, 
and such. 

2. Solvent in adhesive deteriorates the surface of 
the adherends. 

3. Selection of material having too short a pot life. 
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4. Certain equipment being required for use with 
specific adhesives. 
5. Wrong choice of adhesive formulation. 


Classifications 


There are several ways to classify adhesives. Table 
1 classifies by vehicle. Other methods of classify- 
ing adhesives are: by chemical composition (ther- 
mosetting, thermoplastic, elastomeric, natural); 
flowability (flow, nonflow); bonding type (heat, 
time, pressure, catalyst, vulcanizing, reactivation) ; 
form (liquid, paste, powder), and others. 


Adhesion factors 


The strength value of an adhesive that a supplier 
describes in his literature is based on his observance 
of certain conditions. Be careful in selecting the 
appropriate surface preparation procedure, to allow 
maximum wettability and avoid starved glue lines 
or contamination by fingerprints. Do not move 
bonded joints before the adhesive has been suffi- 
ciently cured. Internal stresses can be created, if 
the coefficient of expansion of the adherends and 
the adhesive differ greatly during elevated tem- 
perature cure cycles. The chart shown in Fig. 1, 
which is qualitative only, indicates that less than 
desired strengths can result when the adhesive does 
not completely wet the adherend, or the cured ad- 
hesive has undesirable stresses developed into it. 


Design concepts 


In an ideal tensile loaded joint, the forces are 
perpendicular to the plane of the joint and the 
stress is distributed uniformly over the entire 
bonded area (Fig. 2). The entire joint is under 
equal stress at the same moment and all of the 
adhesive contributes to the strength of the joint. 

In an ideal shear-loaded joint (Fig. 2), the forces 
are parallel to the plane of the joint and again 
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Fig. 1 — Relations be- 
tween factors involved in 
adhesion. Poor strength 
can result when the ad- 
hesive does not com- 
pletely wet the adherend 
or the cured adhesive has 
undesirable stresses de- 
veloped into it. 
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Table 1 — Classification of Adhesives by Vehicle 


100% 
(100% 


Pastes, films 


Reactive 


Water Emulsion solids) 


Type Solvent Dispersion 


Form Liquids, pastes, tapes, Liquids 


supported films 


Reclaimed rubber + 
milk latex 


Adhesive 
Alloy 


Elastomer (rubber or 
vinyl butyral) + thermo- asphalt; 
setting resin (phenolic, 
sometimes epoxy or 

alkyd) 


Usually pressure and/or Heat and/or pressure 
heat, solvents 


Usually modified 
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films) 
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Advan- 


Limita- 


Remarks 


(reactivation type) 


Flowability; easy to 
apply in film or tape 
form and from dispens- 
ing bottles. Can be re- 
activated after drying. 
Allows widest choice to 
formulator. 


Care must be taken to 
allow for solvent release 
if both surfaces are non- 
porous (not usually rec- 
ommended). Solvent 


Most inexpensive of the 
three. Eliminates fire 
hazard. Consistency can 
be varied by adding 
water. 


Usually limited to 
bonding where at least 
one surface is non- 
porous. Some types re- 
quire high pressure. 


may interact unfavorablyFreezing damages bond- 


with certain plastics. 


Elastomer adds flexi- 
bility, peel, and impact 
strength. 


ing properties. 


Curing characteristics 
highly influenced by 
added modifiers. 


temperature or heat cure 


No time wait for solvent 
release. Eliminates fire 
hazard. No attack on 
vulnerable adherends. 
High heat resistance. 
Fills void. 


Peel, stretch, and im- 
pact properties not 
usually as high as in 
others. Not freely flow- 
ing. Usually supplied as 
two-component adhe- 
sive requiring mixing. 
High shear strength falls 
rapidly above specified 
temperature. 


Highly suited for metal- 
to-metal bonds, electrical 
uses. 


EE 
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Fig. 2—Adhesives can be 
subjected to a variety of 
stresses. 
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Fig. 3 — Characteristics of a particular epoxy adhesive under different 
cure time and temperature relationships. 


Management: 


Teach your engineers 
to design better with adhesives 


. continued 


stress is distributed uniformly over the entire 
bonded area. All of the adhesive is at work at the 
same time to provide maximum joint strength. 
This type of joint is more frequently used than the 
tensile-loaded joint, because it is more easily fab- 
ricated. 

When a joint is stressed in cleavage (Fig. 2), the 
forces are not distributed uniformly over the entire 
bonded area, but rather all of the stress is concen- 
trated on only a small portion of the adhesive. As 
force is applied, one edge is under no load at all. 
The cleavage loaded joint is much weaker than a 
joint of the same area under tensile or shear load- 
ing, and should be avoided in joint design. 

In a bond subjected to peel stress (Fig. 2), the 
stress is confined to only a very thin line at the edge 
of the bond. Here, only a fraction of the total 
bonded area is being used and even less adhesive is 
contributing to the strength of the joint than in 
the cleavage loaded joint. Even more than cleavage, 
this type of stress should be avoided in adhesive 
joint design. Therefore, it is advisable to design 
joints for tensile and shear loading conditions and 
minimize cleavage or peel stress from the design 
configuration. 


Cure time and temperature 
The temperature and time of cure is important 
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Fig. 4 — Characteristics of three epoxy adhesives subjected to room tem- 
perature cure conditions. 


in the selection of adhesives, because of shipping 
schedules, available ovens for elevated-tempera- 
ture-curing adhesives, down-time caused by fixtures 
being tied up, and so forth. 

The characteristics of a particular epoxy adhesive 
under different cure time and temperature rela- 
tionships are shown in Fig. 3. First, note from the 
chart that when the adhesive is applied and allowed 
to cure at room temperature, there does not appear 
to be any strength developed for at least eight hours. 
Although the adhesive is curing, sufficient strength 
has not developed until the eight-hour period has 
passed, the adhesive then continues to develop its 
strength for the next 16 hours. 

A main disadvantage here has been the long wait, 
and possibly the tying up of a fixture necessary to 
hold the parts in the proper position. Now note 
that just by the addition of 25 deg of heat during 
the cure process, we need wait only one hour before 
the joint reaches the bond strength it took the room 
temperature cure to reach in 24 hours. Increasing 
the cure temperature to 165 F, a complete cure 
occurs in just 15 min, with added strength. 

The important points to note from the chart are: 
(1) The temperature at which the adhesive is cured 
will be a determining factor in the final bond 
strength of the joint; (2) As the temperature is in- 
creased, the curing reaction is speeded up, thereby 
allowing increased production potential; (3) The 
adhesive requires a set-up period prior to develop- 
ment of any bond strength at all. Although this 
chart will not apply to all adhesives, it serves to 
demonstrate what this type of adhesive is subject 
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Table 2 — Properties of Some Types of Structural Adhesives 


Modified Epoxies 


Room Temp ? 
Cured Heat Cured 


Phenolic 
Thermoplastic 


‘ Phenolic 
TYPE — Elastomeric 
Curing Procedure 
Temperature, F 70-90 320-500 300-400 250-350 
Pressure, psi. contact contact 25-200 50-200 
Time, min. 1-7 days 2-60 2-60 30-120 
Mechanical Properties 


Shear Strength, psi 


-65 F 
68 F 
180 F 
250 F 
300 F 
350 F 


350-2500 
2500-4200 
180-900 


1300-5000 
3000-5000 
2600-5000 
800-3600 
450-3200 
200-1900 


Creep Strength 
Room Temp. excellent 
Eley Temp. poor good 
Peel Strength poor poor 
Flexibility poor poor 


Chemical Resistance 


excellent 


Water 


100% Humidity 
Salt Spray 


Oils 
Glycols 
Fuels 


fair 

fair 

poor 
excellent 
good 
excellent 


excellent 
excellent 
excellent 
excellent 
good 

excellent 


3500-4500 
2000-6000 
1500-2800 
500-2500 
400-2220 
300-1700 


good 
good 
excellent 
excellent 


good 
good 
good 
good 
good 
good 


2000-3000 

2500-5000 
800-4000 
100-1800 
100-1200 
100-500 


excellent 
good 

fair-good 
fair-good 


excellent 
excellent 
excellent 
excellent 
excellent 
excellent 


Se 


to, relative to temperature and time of cure. Other 
types of adhesives will have their special cure 
parameters. 

Look at the characteristics of three epoxy ad- 
hesives under similar cure conditions, in Fig. 4. 
Note that one develops a rather high value of bond 
strength in a short period of time, when cured at 
room temperature. The second one requires a much 
longer cure time and develops a similarly high 
value of bond strength. The third adhesive has bond 
strength of a little over half the other two, yet cures 
in about the same amount of time. It can be seen 
here that an adhesive is available for your specific 
application. 

Properties of various types of adhesives, cured at 
both room temperature and at elevated tempera- 
ture, are shown in Table 2. You must clearly define 
your design requirements, if the proper choice of 
adhesive is to be made. 


Work life and bondability time 


The work life of an adhesive in a pot or container 
must be differentiated from its bondability life after 
application to the surfaces of the assembly to be 
bonded. For example, a rubber based solvent ad- 
hesive may be used directly from its container for 
several hours, but upon application to the surfaces 
to be bonded the adhesive may only be sticky for 
up to 30 min. 

Two-part epoxy adhesives may have work lives 
ranging from 15 min to more than nine hours (Fig. 
5), but may require a considerable number of hours 
before bond strength has been developed. Resinous 
adhesives may be usable from the pot for hours, 
but upon application to wood or paper may have 
open assembly time of minutes. Each type of ad- 
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hesive will have its own characteristics, and there 
may be variations within types. These must be 
considered. 


Application 


Surface preparation 


Surface cleanliness is primary in importance in 
an adhesive bonding operation. Much time and 
study is put into adhesive formulations. However, 
the best adhesive formulation in the world will per- 
form below standard, if attention is not given to 
the preparation of the surfaces to be bonded. The 
manner in which metal surfaces are prepared for 
optimum bonding strength is quite different than 
for plastic surfaces. 

Metal surfaces can be prepared for subsequent 
adhesive bonding in several ways, such as: chemical 
cleaning (acid or alkaline etching); abrading (sand- 
papering, sandblasting); solvent cleaning (vapor 
degreasing or other solvents); coating (anodize, 
metal plating). The bond strength may vary, ac- 
cording to the procedures selected. 

Plastic surface preparations require differing 
techniques; some can be cleaned by solvents, some 
will react to the action of acids or bases, others can 
have their surfaces prepared for subsequent adhe- 
sive bonding as shown in Fig. 6. 

Wood, in addition to mechanical abrasion to pro- 
vide a smooth contact surface, also requires that 
temperature and humidity be controlled. 

Rubber products may or may not require abrading, 
depending upon the type of rubber (solid or foam). 


Causes of bond failure 
Typical causes of bond failure have been compiled 
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Fig. 5 — Pot-life of various two-part epoxy adhesives. These adhesives 
may have work lives ranging from 15 min to more than 9 hours, but may 
require considerable time for bond strength to develop. 
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Fig. 6 — Effect of plastic surface preparations on bond strength. 
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Table 3 — Common Causes of Bond Failure 


Type of Failure Solution 


Thermosetting Adhesives 

Cohesive failure Check film with solvent used in adhesive. If 
solvent softens the adhesive film or becomes 
tacky, this indicates insufficient cure. Make sure 
bond line time and temperature is used. 

Adhesive failure from metal If metal surface has a white, clean appearance, 
check cleaning technique. 

Adhesive failure from substrate Try prime coat of diluted adhesive, also check 

other than metal compatibility. 


Cellular areas in adhesive line Increase pressure and/or adhesive. 
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Contact Adhesives 

Room temperature setting — 

tacky film If film should dry hard but remains tacky, the 
cause may be entrapped solvent or migration of 
plasticizer from one substrate. 

Shiny areas Poor contact, insufficient pressure or insufficient 
amount of cement. 

No bond If heat reactivated type, adhesive was too cool 
at time of assembly or poor compatibility. 

Failure in adhesive from metal Improper cleaning. 

From substrate other than metal Incompatible or unclean surfaces. 
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Hot Melt 

No bond Incompatibility, adhesive too cool at time of 
assembly. Parts too cool at time of application 
of adhesive. 


Epoxy Base Adhesives and 

Casting Compounds 

High exotherm Mix lower volume and pour mixed material into 
shallow tray. Cool base and activator before 
mixing or use metermixing equipment. 

Tacky film or casting Improper base activator ratio, improper mixing 
of base and activator, improper cure. Check 
bond line temperature. 

Flexible casting or film of rigid Improper mixing of base and activator, improper 

adhesive or casting compound base and activator, improper cure. Check bond 
line temperature. 
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Fig. 7 — Lap joint (left) is a favorite adhesive bonded joint (specimen in shear). 


Increasing the bond results in distortion of the metal and creates 


cleavage (center). A still greater load results in the metal developing a bend at the point of adhesive contact which, in turn, creates a condition 


of peel. 


JOINTS FOR FLAT METAL PLATES 


LAP (INCHES) 


-S 1.0 1.5 2.0 2,5 


Fig. 8 — Metal thickness affects the strength 
capabilities of lap joint. 


Management: 
Teach your engineers 
to design better with adhesives 


. continued 


in Table 3. General classes of adhesives are listed, 
with common causes of their failure and a possible 
solution to the problem. This information should 
be especially valuable in helping you correct a situa- 
tion that otherwise would suggest eliminating the 
adhesive from your design. 


Design tips 

One of the favorite adhesive bonded joints used 
appears to be the lap joint (specimen in shear) (Fig. 
7—left). However, the thickness of the metal will 
further affect the strength capabilities as shown in 
Fig. 8. This may be explained by considering the 
extent of the load that is placed on the bonded 
specimen. In the lap joint the potential forces are 
not parallel to the direction of the planes of the 
specimen. 

Increasing the bond results in distortion of the 
metal and creates cleavage (Fig. 7— center). 

A still greater load results in the metal develop- 
ing a definite bend at the point of adhesive contact 
which, in turn, creates a condition of peel (Fig. 7 — 
right). 
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Fig. 9 — Design tips for adhesive bonding. 


The softer the metal, or thinner the metal, the 
sooner the above conditions will develop. 

All of these considerations must be judged, as 
parts are to be bonded with adhesives. This is 
comparable to other types of fastening operations, 
where details such as drill speed, rivet size, rivet 
material, and such must be considered. 

The selection of a joint design can result in nomi- 
nal machining costs, or be very expensive, depend- 
ing upon your requirements. Proper selection of 
joint design is, therefore, important in providing 
adequate or optimum bond strength (in the direc- 
tions of stress encountered in the product’s end 
use). Several design suggestions are presented in 
Fig. 9. 


Cleanliness 


Fingerprints can cause bond failures. Other con- 
taminants which can cause bonding failures include: 
hair oils, greasy rags, dust, lubricating oil, silicones, 
and such innocent things as lens cleaning tissues, 
hand lotions, and even airborne vapors. 

Some of the things we have listed as contaminants 
may seem a little unusual .. . for instance, hair oil. 
But think how many times you unconsciously 
scratch your head and then carry the hair oil to 
the part on your hands. Hand lotion and waterless 
soap are difficult to detect in evaluating a bond fail- 
ure. 
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Fig. 1 — Oil seal used 
on Deutz multifuel en- 
gine to prevent leak- 
age of injection pump. 
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Fig. 2— Fuel flow (gal/hr) versus engine speed of Deutz multifuel en- 
gine. Greatest change in metering occurs with gasoline at high speed. 


Ordnance Wants Multifuel 


Diesel can be converted 


Based on paper by 


James C. Emanuel 


Aberdeen Proving Ground 


SAE Joint Army-Navy Industry Meeting 
held by SAE Baltimore Section 


HE MULTIFUEL engine sought by the Ordnance 

Corps must have fuel economy and the ability 
to run on all fuels in order to keep logistic problems 
within bounds. It must start and operate over a 
temperature range of —25 to 115 F, without off- 
engine auxiliary equipment, using all fuel from 
medium octane through middle distillates. And it 
must have a low lb/hp ratio. 

The gasoline engine offers no promise for satis- 
factory conversion. It requires high-octane, highly 
volatile fuels, produced from a very narrow range of 
the available fuel spectrum. Its economy is dis- 
appointing, even with fuel injection, and economy 
is of primary importance to logistics. 

The gas turbine is a multifuel engine and in time 
should approach the diesel in fuel economy at part 
and full load. Meanwhile, the diesel engine offers 
the best prospects for early adaptation to multifuel 
operation. 


Problems face diesel conversion 


There are two problems involved in making a 
multifuel engine out of a monofuel diesel. These 
are ones of maintaining control of combustion and 
maintaining fuel efficiency. Modifications to solve 
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to provide fuel economy and omnivorous 


these problems introduce others which must be 
overcome to get a satisfactory engine. Monofuel 
engine combustion is controlled by controlling the 
variables — ignition delay, rate of pressure rise, and 
mixture distribution to get the best performance 
from a particular fuel. 

Multifuel engine design is more complex. Engine 
conditions providing good combustion control with 
one fuel may be entirely wrong for another. Ignition 
delay and rate of pressure rise vary considerably 
from one fuel to another as is shown in Table 1. 
The similarity in combustion characteristics dis- 
played by diesel fuel and JP-4 explains why a diesel 
can operate on JP-4 without difficulty. Had this 
study been made with a conventional (unconverted) 
diesel, assuming the engine could be made to run on 
gasoline, it would show a much wider variation be- 
tween fuels. 

Engines cannot be modified to compensate for 
changes in fuel characteristics, according to Ord- 
nance specifications. The variables controlled by 
juggling with a monofuel engine must be let alone 
with the multifuel engine. The basic fact in multi- 
fuel engine design is satisfactory performance on 
all fuels with injection timing, nozzle opening pres- 
sure, and all other variables remaining constant. 
Maximum performance on each fuel must be sacri- 
ficed to multifuel capability. 


Controlling combustion with multifuel engines 


To get combustion control in the Deutz multifuel 
engine, design was concentrated on reducing the 
long ignition delay on gasoline. External lag was 
reduced by shortening high pressure lines and re- 
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Fig. 3 — Fuel flow versus engine speed of Continental 427 engine. Shift 
to lighter fuels brings loss of about 15% in injected volume. 


Engines 


capacity demanded by logistics. 


ducing nozzle opening pressure. Physical and 
chemical delay was reduced by increasing com- 
pression temperatures through: 


1. Raising compression ratio from 17.8/1 to 21/1. 


2. Increasing average precombustion chamber 
temperature by casting the chamber into the head 
without a metallic bond, thus inhibiting heat trans- 
fer. 


3. Holding cylinder head and intake air tem- 
perature high, particularly at idle and light load, 
by thermostatic control of the cooling fan and in- 
take air heater. 


These measures reduce ignition delay on all fuels, 
but especially on gasoline. 

Continental Motors employs the MAN controlled 
evaporation principle for its 427 multifuel engine. 
The fuel is puddled on the walls of the combustion 
chamber rather than sprayed into the air. A care- 
fully controlled air swirl evaporates the fuel from 
the chamber surface in layers so that each layer 
burns in orderly succession. The combustion rate 
is slowed and there is a correspondingly low rate 
pressure rise on any fuel. In addition, intake ports 
are designed to produce air swirl without restricting 
air intake as masked valves would do, and the com- 
pression ratio has been raised. 

Both Deutz and Continental designs are capable 
of controlling combustion on all fuels. 


Getting fuel system efficiency 


Most standard pumps are designed to use the fuel 
to seal as well as lubricate the plungers. When gaso- 
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Fig. 4 —— Deutz power curves show similarity of performance regardless 
of fuel used. 
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Table | 


Ignition delay and rate of pressure rise in 
Deutz multifuel engine at idle, operating 
on three fuels. 


Ignition Delay, Rate of Pressure Rise, 
deg psi per deg 
16.4 29 
18 38 
23.5 97 


Diesel Fuel 
jP-4 
Gasoline 


UOUETEDUEEU TEED TTTORU LETTE 
TOVEEDUAUATOAAUAVERDADEEDESENDEAOAHAADEEEUEROEEAUODLENUEN TUNA SORDORET TET EEE ED 


line is the fuel, large amounts seep past the plungers 
to dilute lube oil. Parts wear, fuel metering is 
affected, and large amounts of vapor are produced 
in the fuel gallery. 

Deutz, with its Robert Bosch pump, gets around 
this difficulty by building a small gallery near the 
bottom of the cylinder barrels of the injector pump 
(Fig. 1). Oil is kept in this gallery at engine oil 
gallery pressure to serve the two-fold purpose of 
lubrication and plunger sealing. Vapor formation 
is reduced by doubling fuel gallery pressure, re- 
ducing the vapor forming spaces produced by action 
of retracting valves, and circulating three or four 
times the amount of fuel required by the engine 
through the pump to wash back vapors to the fuel 
supply. 

The full rack fuel flow of the Bosch pump on three 
fuels is shown in Fig. 2. The only significant 
change in metering is seen to occur with gasoline at 
the top of the speed range. 

The American Bosch pump used on the 427 engine 





has a single plunger which oscillates as well as 
rotates and is serviced with lube oil under pressure. 
It was adapted to multifuel operation by increasing 
gallery pressure, redesigning high pressure passages 
and delivery valves, and increasing the size of the 
transfer pump. 

Fig. 3 shows fuel metering for this pump at con- 
stant rack setting. The loss on injected volume on 
shift to lighter fuels is about 15% and fairly constant 
over the engine speed range. The loss in efficiency 
is greater than with the Deutz pump, but this is not 
to say that it is inferior. This pump works with 
nozzle pressures in excess of 2500 psi whereas the 
Deutz nozzles open at 1200 psi. 


Effectiveness of modifications 


The best test of multifuel capacity is performance 
on several fuels. Fig. 4 shows the performance of 
the Deutz engine on diesel fuel, JP-4, and gasoline. 
Fig. 5 shows similar curves for the Continental 427 
engine. Here, maximum power loss on gasoline is 


23% diesel power, but even on gasoline this engine 


outperforms the gasoline engine it was designed to 
replace. 


Cold-starting performance 


The higher compression ratios are a slight help to 
the cold-starting of multifuel engines, nevertheless, 
both Deutz and Continental employ aids. Deutz 
uses glow plugs in the combustion chambers in series 
with electric resistance heaters in the intake mani- 
folds. This engine has started in less than 3 min 
at —65 F. Continental uses a flame heater in the 
intake manifold. Its engine has been started at 
— 40 F in less than 1 min and down to —50 F in the 
field. 

Fuel consumption is no problem. In fact, better 
economy is usually obtained on gasoline than on 
diesel fuel or JP-4. Weight reduction is no particu- 
lar problem. One multifuel engine has been de- 
veloped which weighs less than 6 lb/hp and 4 lb/hp 
appears possible for larger size engines. 
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Fig. 5 — Full rack per- 
formance of Continen- 
tal multifuel engine 
using three different 
fuels. 
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New brake rating test 


guides brake choice 


Tests show different brakes have equivalent ratings. 


Based on paper by 


D. Paul Fisher 


Chevrolet Motor Division, GMC 


BRAKE RATING TEST procedure and a for- 

mula relating brake rating to vehicle gross 
weight has been developed by a joint brake com- 
mittee of the AMA-TTMA (Automobile Manufac- 
turers Association-Truck Trailer Manufacturers 
Association). The test objective is to determine the 
number of brake snubs which can be made in a 
specified period of time, while maintaining specified 
deceleration and stopping distance requirements. 
With a maximum number of snubs established, the 
horsepower rating can be established. 

The original aim in developing the brake rating 
system was for vehicle certification purposes. It is 
felt, however, that a bona fide brake rating will re- 
place some of the “guess and try” practices currently 
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used in selecting brake equipment in the vehicle 
design stage. 

Brake tests to date indicate that brakes having 
varying combinations of diameters, widths, and 
lining materials may have equivalent ratings. The 
engineer, then, has a choice of brake specifications 
— helping him to keep within space limitations. 


Vehicle test preparations 


Prior to rating of single unit trucks the vehicle 
must: 


@ Be loaded to rated GVW with the weight dis- 
tributed so each axle is loaded as closely as 
possible to its rated capacity, with as low a 
center of gravity as possible to avoid undue 
weight transfer, Fig. 1. 

@ Be equipped with the largest production engine 
available for the chassis being tested. 

@ Have new or relatively new tires. 

@ Have sufficient brake balance to obtain 15 ft/ 
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Fig. 2— Thermocouple in- 
stallation for measuring brake 


temperature. 


New brake rating test 
guides brake choice 


... continued 


sec? deceleration without locking any of the 
brake groups. 

@ Have adequate pressure available in the brake 
system to provide 90 psi service air pressure, or 
1800 psi hydraulic pressure, with not more than 
200 lb pedal force. 

The new linings required for this evaluation must 

be burnished as follows: 

@ Make 200 brake applications at 40-20 mph and 
10 ft/sec? deceleration, except for every tenth 
snub — these are made from 50-15 mph at 15 
ft/sec? (only a single deceleration rate is used 
for combination vehicles). All snubs are made 
at one mile intervals with the transmission in 
neutral or clutch disengaged. The speed be- 
tween brake applications is 40 mph. 

@ Immediately following the 200th application, 10 
applications are made at two minute intervals, 
from 50-15 mph at 15 ft/sec?. Brake tempera- 
tures are recorded on all these snubs. 


Instrumentation 


The following instruments are used to provide the 
required data: 


e@“U” tube decelerometer. 

e@ Fifth wheel speed indicator or calibrated speed- 
ometer or tachometer. 

@ Detonator or equivalent to measure stopping 
distance. 

@ Line pressure gauge. 

@ 50 ft tape. 

@ Stop watch. 

@ Selector switch and 0-1000 F direct reading 
pyrometer for measuring brake temperatures. The 
most highly energized shoe of each brake group must 
be equipped with a temperature measuring unit. 
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Fig. 2 shows the thermocouple installation. On air 
brake units it is installed on the leading shoe and 
on the foward brake shoe for hydraulic brakes. The 
thermocouples are made with ends of wires twisted 
3/16 in. back, and silver soldered. 


Rating test procedure 


All brakes on the vehicle are tested as a unit in 
this procedure. Three cycle tests must be run to 
establish a rating — the two initial tests being run 
at reduced energy levels. The procedure for each 
cycle is as follows: 


@ Cold stop. Make an emergency cold stop from 
20 mph at maximum deceleration obtainable (re- 
maining within the previously stated pressure 
limits). Record stopping distance and line pressure. 


@ Warm up. Make a series of brake snubs from 
40-20 mph at 10 ft/sec? at % mi intervals. Check 
brake temperature after each snub. Record tem- 
perature and maximum line pressure on first and 
final snubs. 


@ Rating test. This is a 12 min test, to be run 
immediately after the warm up, in the following 
manner: Bring the vehicle to 15 mph. Start the 
stop watch and accelerate the vehicle to 50 mph as 
quickly as possible. Now a predetermined number 
of snubs is made according to the chart in Fig. 3. 
The number of snubs, it is seen, depends both on 
gross vehicle weight and on the particular cycle of 
testing being conducted. The number of snubs re- 
quired is read to the nearest integer and the proper 
time for each snub cycle is found to the right of 
the curves. Each cycle starts at 15 mph as the 
vehicle accelerates to 50 mph. The brakes are ap- 
plied only during the last 5 sec of each cycle, bring- 
ing the vehicle back to 15 mph. The deceleration 
should be kept at 12 ft/sec*. On the final rating 
cycle a deceleration rate of not less than 9 ft/sec? 
must be maintained. After the final rating test is 
completed and the brakes are cooled to 200 F for 
the hottest brake, the brakes must give no evidence 
of pull, grab, or premature lock-up during subse- 
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RATING CYCLES VS GROSS VEHICLE WEIGHT 
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Fig. 4— Relationship be- 


tween minimum brake rat- 


gs and oroc 


ng and gross vehicle weight. 


BRAKE RATING HORSEPOWER 


quent operations. Do not exceed 90 psi service line 
air pressure or 1500 psi hydraulic pressure on any 
snub. Record maximum line pressure used, maxi- 
mum and minimum deceleration, and all brake tem- 
peratures after each snub. 

Immediately following the final snub on the 
rating cycle, make an emergency stop from 20 mph. 
Do not exceed 90 psi for air brakes or 1800 psi for 
hydraulic brakes. Record stopping distance and 
line pressure used. Stopping distances for this test 
and the cold stop test are given in Table 1, and must 
not be exceeded. 

For tractor-trailer combinations, the brake sys- 
tems of each unit must be evaluated separately. 
When possible, the tractor should be loaded to its 
rated GVW and tested as above. If it cannot be 
loaded to its rated GVW a trailer must be used to 
make the total weight of the combination as close as 
practicable to the tractor GVW or trailer axle rat- 
ings, whichever is being tested. The weight distri- 
bution must be such that the axles to be rated are 
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Fig. 3—Number of snubs 
versus gross vehicle weight 
for 12 minute tests. 


BRAKE RATING HORSEPOWER VS 
GROSS VEHICLE WEIGHT 


GROSS VEHICLE WEIGHT 





Table 1 — Stopping Distances 


Brakes 
Cold 
25 ft 
35 ft 
40 ft 


Brakes 
Hot 
30 ft 
42 ft 
48 ft 


Vehicle Classification 
Under 10,000 Ib GVW 
2-axle with GVW 10,000 Ib and over 
3-axle with GVW 10,000 Ib and over 


loaded to approximately 0.7 of their ratings to pre- 
vent wheel slippage. 


Correction factors 


The total Gross Combination Weight will gener- 
ally exceed that desired for rating the brakes on the 
axle being tested. In such cases it is necessary to 
apply corrections to initial velocity, deceleration rate, 
and stopping distances. The corrections are made 
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New brake rating test 


guides brake choice 


... continued 


in accordance with the following formulae: 


ae |e 
(2275 —* + —- 
N W, 
Ww, i 
Deceleration correction formula: F, = Ww.” x F, 
Where: ; 


W, = test axle rated load. 

W,,= total weight retarded by brakes on test axle. 

V, =standard test speed (50 mph) from which re- 
tardation starts on vehicles operated at rated 
GVW. 

V,=standard test speed at which the brakes are 
released. 

V, =corrected test speed from which retardation 
starts on vehicles operating at other than 
rated GVW. 

F, =standard deceleration rate for either burnish 
or rating tests. 

F,= corrected deceleration rate. 


Speed correction formula: V, 


Horsepower rating 


The horsepower rating is determined by the fol- 
lowing formula: 


W (V2-V) NPT.) 
2x 32.2x550x720| °  T, | 
Where: 


W =GVW of the vehicle in lb. 

W, =initial speed in ft/sec. 

W, = final speed in ft/sec. 

N =number of snubs made in 720 sec. 

T, =actual amount of time the brakes are applied 
(sec) when decelerating from 50 to 15 mph. 

T,= average drift time (sec) when decelerating 
from 50 to 15 mph. It found by letting the 
vehicle coast from 50-15 mph, with trans- 
mission in neutral, in the direction(s) in 
which the rating test will be conducted. 


For the standard 50-15 mph cycle, this formula 
simplifies to: 

BRHP = 1.91 x 10 wn | 1-7: 

L 2 


Test results 


A large number of tests were run on a wide range 
of vehicles, brake types, sizes, and linings. The re- 
sults of these tests are summarized in Fig. 4, along 
with a suggested relationship between a minimum 
brake requirementandGVW. The actual test results 
are plotted as points. In practical applications the 
curve can be used to obtain a truck GVW rating. 
For example, a brake rating horsepower of 50 would 
permit a gross vehicle weight rating of 27,250 Ib. 
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Subs may 


Based on paper by 


John H. Harrison 


U. S. Naval Engineering Experiment Station 


ISH may show the Navy how to solve the pro- 

pulsion-machinery-system noise problem in 
underwater craft. By studying the various aspects 
of sea-animal locomotion it is hoped that ways to 
radically improve noise characteristics will emerge. 
New approaches such as this probably hold the only 
hope of meeting the Navy’s needs, as marginal 
improvements are all that can be expected in the 
intrinsically limited existing systems. 

Sea-animal locomotion is one of the few areas 
where the animal kingdom continues to challenge 
the attainments of modern technology. The sea 
environment exacts a steep price for inefficiency of 
form and movement. Nevertheless, fish and ceta- 
cean animals such as whales, dolphins, and por- 
poises, have met the problem, all with some degree 
of success. 

Sea animals possess many enviable characteristics 
which could be used in naval propulsion machinery 
systems. These include: quietness, high propulsive 
speed, high endurance, and high efficiency. One 
other desirable feature is the integration of the 
propulsion device, maneuvering device, and the 
hull, with no protrusions through the basic hull. 

The surprising thing about SAL is the seemingly 
“impossible” speed at which some sea animals move. 
Consider the case of a 6-ft porpoise swimming at 
20 knots. The weight of muscle in such an animal 
is about 35 lb. According to measurements of the 
power available from the muscles of other mammals, 
such as men and dogs, the tissue is only capable of 
about 0.01 hp per lb of muscle at a sustained rate. 
Applying tests data to the porpoise means that it 
would only be able to develop about 0.35 hp. Now, 
the coefficient of drag for rigid streamlined bodies 
has been measured, and for the 6-ft porpoise swim- 
ming at 20 knots the skin friction drag coefficient 
C, = 0.0028. Adding a small amount of “form” drag 
brings the total drag coefficient up to 0.003. Using 
this coefficient to calculate the drag power gives 
3.14 hp. The actual muscle power required would 
be about 3.7 hp if it is assumed that the porpoise 
converts muscle power to drag power with 85% effi- 
ciency —the propulsion efficiency of a ship’s pro- 
peller. 

Apparently, the porpoise has only about one- 
tenth of the power it needs to swim at 20 knots. The 
discrepancy becomes even greater at a speed of 25 
knots, which has been observed, since propulsion 
power rises as the cube of the speed. 

This paradox is not limited to the case of the 
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Fig. 1 — Motion and forces on the body of a fish. 
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Fig. 2— Hull-undulation propulsion system. 
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Subs may swim like fish 


... continued 


porpoise. Consideration of the respiration and 
oxygen requirements of whales result in substan- 
tially the same conculsion. Physiologists have ex- 
amined time and size scaling factors in whales and 
concluded that the heart and artery load would be 
intolerable. Studies of barracuda have concluded 
that the estimates of power loading for mammalian 
muscle must be increased by 10 or more. Also ac- 
cording to conventional hydrodynamic calculations, 
the average fuel load of fat for a salmon traveling 
back to its parent stream should be about six times 
that actually available. 

Some investigators have offered the explanation 
that sea animals use some special technique to 
maintain laminar flow about them. If the porpoise 
can maintain laminar flow over its entire body, then 
the coefficient of drag at 20 knots might be as low 
0.0003. The power requirement would then diminish 
by the ratio: 

C, (laminar) 0.0003 1 

C, (turbulent) 0.0030 10 
accounting for the discrepancy. This conclusion is 
a little difficult to accept since many fast sea ani- 
mals have a very rough surface, and in some cases 
most of the swimming is in water which is already 
turbulent. 

The same manner which sea animals use to attain 
speed is thought to also account for their quiet and 
wakeless locomotion. It is not yet established that 
the fastest fishes swim silently at high speed, though 
submerged whales do, and these can travel at 21 
knots. But from the contrast between noisy sub- 
marines and torpedoes and sea animals moving at 
similar speeds, it can be deduced that sea animals 
are at least comparatively quieter at the higher 
speeds. 

With present underwater vehicles, noise generated 
by the flow of water around the hull is a problem in 
the higher speed ranges. Even before, in the as- 
cending speed scale, the propeller-propulsion system 
creates noise problems. Noise reduces the capabili- 
ties of submarine or torpedo sonar systems at higher 
speeds. Porpoises, on the other hand are reportedly 
capable of locating openings in nets at distances of 
two miles or more with their sonar “eyes.” Such a 
feat would probably not be possible if the porpoises’ 
locomotion system were noisy. 

It has also been found that SAL approaches an 
ideal “wakeless” propulsion system in which the 
hull wave is wiped out. Moving vehicles are fol- 
lowed by a turbulent wake consisting of two coun- 
termoving parts. One part is the hull wake, a 
region, aft of the vehicle containing fluid moving 
with the vehicle. It results from drag or friction 
against the hull. The other part is the propeller 
wake or race, a conical region inside the hull wake 
containing fluid and neutralizing the forward mo- 
mentum of the hull wake. Studies conducted in 
bioluminescent water have shown that the wakes 
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of bodies such as torpedoes are brilliantly visible, 
while the wake behind seals is barely visible, and 
that of a porpoise is almost undetectable. 

Just how do sea animals attain these superior per- 
formance characteristics? Most recent investiga- 
tors believe that it is their body undulations are sig- 
nificant in achieving fast and quiet locomotion. It is 
claimed that these body motions create a sort of 
“propeller race” in exactly the same location as the 
“hull wake” thereby wiping the wake away. 

The undulating body motions used by many sea 
animals are used for high-speed travel and quick 
darts or acceleration to cruising speed. Acceleration 
is achieved by large body undulations with the head 
moving side-to-side and extensive tail fin involve- 
ment. Moderate speeds are maintained with most 
fins folded close to the body, which undulates in a 
carangiform manner (single traveling sine wave). 
At high speed, rapid ripples pass aft along the body 
with motion approaching anguilliform (multiple 
traveling sine wave). The amplitude and wave 
length are decreased, but frequency is greatly in- 
creased. 

High-speed photographs of fish, porpoises and 
eels, show that most of these animals do employ an 
anguilliform motion when swimming at high speeds. 
Fig. 1 schematically represents the motion and 
forces on the fish’s body. All parts of the body have 
lateral motion V which results in a pressure differ- 
ential, AP, over ambient pressure. The useful com- 
ponent of AP is the thrust T. Most of the surfaces of 
the body except those like B, which have zero slope 
with respect to the axis of travel, participate in the 
propulsive process. This action could energize the 
boundary layer at all but a few nonstationary points. 
Thrust would be generated at, or close to, points 
where drag would occur and drag would be canceled 
as it tended to build up. The transition to turbulent 
flow would also be postponed indefinitely. This form 
of motion may also achieve a form of boundary layer 
control through effectively blowing and sucking and 
a rhythmic change in aspect. 

Some fish have a pressure sensitive line along each 
side which, investigators believe, helps also in post- 
poning transition. It has been proposed that transi- 
tion might possibly be postponed by some mecha- 
nism which would obviate the pressure variations 
that have been found to precede transition. It has 
been argued that the fish may sense local pressure 
variations and actively respond in such a manner as 
to damp out the variations and stabilize the bound- 
ary layer. 

A concept that has been offered which would 
simulate SAL to propel a ship is shown in Fig. 2. 
This system uses an undulating hull made of some 
resilient material and formed over a rigid hull. 
Ports would connect the rigid hull to cavities formed 
in the resilient material. In this diagram, the resili- 
ent material would be driven in and out by pneu- 
matic or hydraulic pressure. The same effect could 
probably also be achieved with mechanical linkages. 
The expansion and contraction of the various por- 
tions of the elastic material would be so phased as 
to effectively represent a wave travelling down the 
hull. Such a propulsion system would probably be 
quiet, efficient, and almost wakeless. 
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Miniaturized fluid 


control subsystems 


make moving 


Fig. 1 — Silhouette of amplifier having two stable states — 
all flow to the right output or all flow to the left output. 
Control signal applied to right control chamber shifts flow 
to left output and vice versa. 
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INIATURIZED fluid control subsystems are 

being built from digital and logic components 
having no moving mechanical parts. New design 
and production techniques will provide these com- 
ponents and systems for research and development 
programs in pure fluid systems. 


System requirements 


Fluid control subsystems must be able to provide: 
AMPLIFICATION — control of a high power 
level main fluid flow by a lower power level 
control fluid flow. 

FEEDBACK — utilization of a portion of the 
main fluid flow energy to provide a control fluid 
flow. 

ENERGY STORAGE — accumulation of energy 
in the form of fluid kinetic or potential energy 
(inertance or capacitance). 

PHASE SHIFT — control of the relative time of 
arrival of a fluid signal at different locations in 
a feedback path. 

COMPARISON — ability to compare an input 
signal with a standard value. 
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Subsystem components 


Amplification can be provided by a beam deflec- 
tion fluid amplifier. The “beam” is a high energy 
fluid power stream. This stream is guided to the 
target area or receiving apertures which, in turn, 
are connected to the amplifier loads. 

Two techniques are used to guide the power 
stream. The first is to blow against the side of the 
power stream with one or more control streams. 
From conservation of momentum relationships the 
tangent of the power stream deflection angle and 
information as to how the power stream enters the 
receiving apertures can be calculated. This tech- 
nique is called Stream Interaction Control. 

The second technique is to control the pressure 
distribution along the sides of the power stream. 
This is done by using the power stream to supply or 
entrain fluid from the adjacent regions or boundary 
layers, and by concurrently controlling influx or 
egress of a separate control fluid for these same ad- 
jacent regions. This way a pressure difference is 
set up transverse to the power stream. Controlling 
this pressure difference controls or guides the power 
stream. This technique has been termed Boundary 
Layer Control. When one or more of these ampli- 
fication techniques is used in an element the element 
is considered an active component. 

Passive components also are needed to store fluid 
inertia or fluid potential energy or to decrease the 
availability of the energy. In fluid systems there 
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Fig. 2— Binary stage silhouette has 
single power nozzle input, single 
control signal input location, and 
two output locations. Each time a 
control signal is applied the output 
flow will switch from its current 
path to the alternate path and re- 
main in that flow pattern until a 
new control signal has been applied. 


are, for example, both linear and nonlinear iner- 
tance, capacitance, and resistance components. The 
passive components are relatively straight-forward; 
a volume is a capacitance, a long column has a 
higher inertance than a short column, a passageway 
having a large surface area per unit of cross sec- 
tional area has a high resistance to flow. These 
fluid passive components correspond to the elec- 
trical capacitor, inductance, and resistor with res- 
ervations. 

One of the major differences between the elec- 
tronic component and the fluid system component 
is that electronic components normally consist of 
different materials that are assembled into different 
structural configurations. Every pure fluid com- 
ponent consists of an absence of the structural ma- 
terial. Thus the entire system of amplifiers, 
resistors, capacitors, inertances, and connections 
between components can be made by a common 
process which removes the structural material in 
the desired pattern. A two-dimensional pattern is 
desirable from a production standpoint. Such pat- 
terns can be molded, stamped, and etched. 


Component silhouettes 


There are many types of fluid components both 
analog and digital. Let us consider the silhouettes 
of three typical digital components. The first (Fig. 
1) is an amplifier having two stable states, all of 
the flow to the right output or all of the flow to the 
left output. This is a flip flop. If flow is to the 
right output and a control signal is applied to the 
right control chamber then the unit will start de- 
livering flow to the left output instead of the right. 
Similarly if flow is to the left output and a control 
signal is applied to the left control chamber then the 
flow will switch to the right outlet. This particular 
design is very insensitive to the output load. For 
example, one outlet can be blocked completely yet 
the power jet will keep trying to follow its latest 
contro] signal and flow to the proper receiving aper- 
ture. 
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The second silhouette (Fig. 2) is based on a binary 
stage. It has a single power nozzle input, a single 
control signal input location, and two output loca- 
tions. Each time a control signal is applied the 
output flow will switch from its current path to the 
alternate path and remain in that flow pattern 
until a new control signal has been applied (Fig. 3). 
This is a basic component for binary computation. 
When staged, the right side output location is used 
as a readout signal while the left or end output 
location is used as the input of a succeeding binary 
stage. Two input control signals must be applied 
to cycle one output from ON to OFF to ON. 

The third silhouette is an OR EXCLUSIVE compo- 
nent (Fig. 4). Considering the silhouette as a base- 
ball player, if a signal is applied to one or both hands 
flow will be deflected by the contour of the player’s 
back and exit the front leg. If a signal is applied 
only to the player’s head flow will lock onto the chest 
wall and exit the front leg. Flow to the front leg 
therefore indicates application of a control signal 
at one or both hands or the head. Ifa signal exists 
at both the head and one or both hands, flow will 
go to the rear leg. The head flow shields the hand 
flow from the back wall and simultaneously the hand 
flow detaches the head flow from the front wall. 
Thus flow to the rear leg indicates existence of a 
hand signal and a head signal while flow to the front 
leg indicates existence of a hand signal or a head 
signal but not both a hand and head signal. This 
type of unit is used to examine a digital system for a 
particular set of conditions or to command a digital 
system to perform a particular sequence of opera- 
tions. 

These three silhouettes are intended only to pro- 
vide a general picture of the types of patterns which 
are included in a Pure Fluid System. All of these 
components and interconnections require only a 
common process which removes the structural ma- 
terial in an appropriate pattern. 


Design of a subsystem 


The steps required to design a fluid control sub- 
system are: 


1. The computer or control system logic is estab- 
lished and laid out as a block diagram with a 
minimum crossing of data flow lines. 


. The block diagram symbols are replaced by 
silhouettes of the appropriate fluid compo- 
nents by attaching to a white backup board. 
These silhouettes are five times the final size. 


. The components are interconnected by strips 
of black tape. 


. Four index patterns are located on the draw- 
ing to identify a reference dimension (four 
corners of a square enclosing the pattern). 


. A photograph of the black and white, undi- 
mensioned drawing is taken so that the re- 
sulting negative is the size of the desired 
pattern using the index patterns as reference 
dimensions. Note: This negative is the exact 
silhouette of what will result from the com- 
plete process. Any error in this negative as 
to circuit, omission of a connection between 
components, or incorrect scale will also be in 
the final item. 
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POWER JET DRAWS AIR 
FROM LEFT CONTROL 
PASSAGE SETS UP CLOCK- 
WISE FLOW IN CONTROL 


AIR FROM PULSE JET 
FORCED TO LEFT BY 
CIRCULATION IN 
CONTROL PASSAGES 


V 


AIR FROM POWER JET 
CLINGING TO LEFT 
BOUNDARY WALL 


J 
: 
AIR FROM PULSE JET 


FORCED TO RIGHT BY 
CIRCULATION IN 
CONTROL PASSAGES 


Fig. 4— OR EXCLUSIVE compo- 
nent is used to examine a digital 
system for a particular set of 
conditions or to command a digi- 
tal system to perform a particular 
sequence of operations. 


AIR FROM PULSE JET 
REMOVED. AIR FROM 
POWER JET REMAINS 
CLINGING TO RIGHT 
BOUNDARY WALL 


JET FORCED TO LEFT 
BOUNDARY WALL. 


Fig. 5 — Part of a miniaturized fluid con- 
trol subsystem. Components are etched in 
glass. 


. This negative is sent to a leading glass com- 


pany. 


. The glass company makes contact duplicates 


of your negative on a special film as a pro- 
duction line master. 


piece of glass etching to a different depth. 
This capability is needed for a unit wherein 
one pattern must completely penetrate the 
plate while the second pattern representing 
the basic circuit must only partially penetrate 


the plate. This enables one to introduce or 
extract power or control signal flow at any 
location in the system pattern. 


. The production line master is used on an ex- 
isting production line as a mask during ex- 
posure of FotoForm B glass to ultraviolet light 
so that a contact print is made on the glass. 


9. The exposure is developed by a heat treatment 
and acid etched to the desired depth. 


10. A second pattern can be processed on the same 


Anticipated normal time between furnishing a 
negative to the glass company and receipt of a pro- 
duction line model is three to four weeks. Part of 
a typical model is shown in Fig. 5. 
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Sophisticated 


fabrication 


Fig. 1 — Sciaky boom welder elec- 
tronically controls arc length and 
senses the joint of two pieces to be 
welded. 


Fig. 2— Sine wave wing spar is assembled by burn- 3 
through welding which joins the edge of a piece of Fig. 3 — Burn-through welding torch follows sine wave path in welding 


sheet meta! at 90 deg to the face of another. sine wave edge to cap members. 
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techniques build B-70's 


Based on paper by 


Latham Pollock 


North American Aviation, !nc. 


Material drawn from 


SAE Texas Section Paper 
NUSUAL, new fabricating techniques are being 
used on the Air Force 2000-mph B-70 Valkyrie. 
Among these are: 
1. Sciaky boom and “burn-through” welding. 


2. Brazed sleeve couplings. 
3. “Skate” machining. 


Welding operations 


A sophisticated welding machine used in B-70 
fabrication is the Sciaky boom welder (Fig. 1) which 
electronically controls arc length and senses the 
joint of two pieces to be welded. 

Work is placed in appropriate welding fixtures 
around the boom welder which progresses from job 
to job. As each job is completed, it is removed and 
another project set up in its place. This arrange- 
ment provides continuous utilization of the equip- 
ment. 
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Another specialized type of welding required for 
the B-70 is “burn-through” welding. This opera- 
tion joins the edge of a piece of sheet metal at 90 
deg to the face of another. The welding torch is 
applied on the face opposite to that where the beads 
would normally be placed. The parent metal melts 
so that it forms a fillet with the edge of the ad- 
joining member. Welding rod replaces the parent 
metal. 

This process provides a lighter joint than con- 
ventional welding. It does, however, require greater 
accuracy in controlling the path of the welding head 
and more tooling. Since wave wing spars are a 
typical application (Fig. 2). These spars consist of 
three pieces of sheet metal—the two cap strips 
which are flat except for a return angle at each 
edge, and a web which is corrugated in the form of 
a sine wave. These corrugations run so that the 
sine wave edge welds to the cap members (Fig. 3). 

In performing the burn-through weld which 
attaches these members, the welding torch follows 
a sine wave path. Appropriate tooling positions the 
cap in relation to the web, and the path of the weld 
torch is controlled by an electric eye sensing device 
following a sine wave template which corresponds 
to the shape of the spar web. When these spars 
are made of titanium rather than PH15-7 steel, it 


Fig. 4 — Welding titanium spar in argon-filled “bubble.” 


CP, Ate ee — 
Po, ee artes 


Fig. 5 — Brazed sleeve-type coupling for hydraulic lines on B-70. 





Fig. 6 — High-frequency heater supplies heat for brazing coupling. 


Sophisticated fabrication techniques 


build B-70's 


. continued 


is necessary to submerge the tools and the spar 
pieces in argon to provide consistent welds (Fig. 4). 


Brazed couplings 


The hydraulic system on the B-70 operates at 
about 4000 psi and 1000 F. Conventional compres- 
sion couplings which will withstand these conditions 
are heavy compared to sleeve couplings. On the 
B-70, over 1000 lb is saved by using sleeve couplings. 
These couplings have two rings of silver brazing 
alloy placed into internal grooves located near each 
end of the sleeve. The tubes are inserted into the 
coupling, meeting at the center. A small recess at 
the center of the coupling breaks the capillary 
action of the brazing material and prevents it from 
flowing into the tubes (Fig.5). Heat for the brazing 
operation is provided by a high frequency heater 
which is clamped around the coupling (Fig. 6). 


Skate machining 


“Skate operations” provide a suitable method of 
machining the attaching edges of structures prior 
to welding. The skate concept consists of a small 
self-propelled carriage which contains a cutting 


head (Fig. 7). This carriage travels on a track 
which is formed so that the line of travel of the 
skate will conform to the edge of the structure 
which is to be welded to another structure. A series 
of vacuum cups hold the track to the structure to 
be machined (Fig. 8). 

The track is positioned with an appropriate 
amount of offset from the edge to be machined, so 
that as the skate moves down the track the cutting 
head will machine the edge of the structure to the 
desired point (Fig. 9)...The other structure to be 
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Fig. 7 — “Skate” machines attaching edges of structures prior to weld- 
ing. Small self-propelled carriage contains cutting head. 


Fig. 8 — Underside of “skate” track contains vacuum cups for holding 
track to structure to be machined. 


Fig. 9 — “Skate” machining edge of structure to be welded. 


joined is positioned close to the structure which has 
been machined so that by just moving the cutting 
head the second structure can be machined. The 
track is not moved. Structures machined this way 
will match when moved together. 

The skate concept has been expanded to perform 
welding operations (Fig. 10) and X-ray operations 
(Fig. 11), as well as machining. 


To Order Paper No. $308 . . . 
from which material for this article was drawn, see p. 6. 
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Fig. 10 — Assembly welding being done by “skate.” 


Fig. 11 — “Skate” performing x-ray operation on assembly weld. 
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Distortion improves 
thrust washer performance 
... grooves help, too 


Based on paper by 


William A. Weinkamer 


Clevite Corp 


DVOCATES of super-flat washers for automatic 
transmissions might do well to review flatness 
specifications in the light of recent test results. As 
Fig. 1 shows, the poorest washer performance was 
offered by the zround and lapped specimens. The 
performance of every set of purposely distorted 
washers was superior to the control set. 

Actually, most surface distortion is lost under 
load, but that which remains actually augments 
performance by forming beneficial oil wedges. 

According to theory, if a plain washer is perfectly 
flat, no load carrying capacity can be expected of it. 
However, surface waviness, resulting from fabrica- 
tion, enables it to function under film, or “bound- 
ary,” lubrication. This type of lubrication occurs 
when the bearing surfaces are separated by a thin 
film of an effective lubricant. The coefficient of 
friction under these conditions is somewhere be- 
tween 0.050-0.100, although this may vary because 
of such factors as speed, temperature, and contami- 
nants. 

By adding grooves to the plain washer, thereby in- 
creasing oil flow across the washer surface, load 
carrying capacity is increased. Different types of 
grooving are shown in Fig. 2. The gains to be 
realized by using the different kinds of grooves are 
indicated in Fig. 3. The increased load carrying 
capacity over the plain washer of the thru grooves, 
teardrop grooves, and tapered land type, respec- 
tively, are 31%, 88%, and 300%. The large increase 
found with tapered land is due to the production of 
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an oil wedge, accompanied by hydrodynamic effects. 
Under conditions of pure hydrodynamic lubrication, 
where the surfaces are completely separated by a 
very effective oil film, friction coefficients range 
from 0.001-0.010. As before, these values can vary 
with environment. 

Unfortunately, the load-carrying capacity (based 
on load at film breakdown) cannot be translated 
into unit loading and then applied wholesale to 
washers of other sizes. Unit load-carrying capacity 
has been found to change with washer geometry. 
Nevertheless, the above results are significant and 
applicable. In most instances the washer OD and 
ID are determined by space restrictions in the as- 
sembly. Consequently, aside from material selec- 
tion, the designer often has only a choice of groove 
design to offer for successful operation. Now, if 
trouble arises, he at least knows in what direction 
a solution can be found. An intelligent choice of 
direction is a vast improvement over the often used 
“scatter approach.” 

In many cases the thrust washer performs the 
multiple function of supporting load and restricting 
oil flow. Conversely, it may have to pass oil freely 
to other units through wide open grooves. As a re- 
sult, thrust washer groove design is often compro- 
mised, with a resulting sacrifice of load carrying 
capacity. Under these conditions it would be wise 
to consider a combination groove design. For in- 
stance, a washer which must supply oil to a bushing 
could incorporate thru grooves for this purpose, in 
conjunction with teardrop grooves to improve load- 
carrying capacity. Otherwise, a thru groove which 
throttles the oil flow from inlet to outlet might be 
used. 


To Order Paper No. 359E . . 


from which material for this article was drawn, see p. 6. 
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GROUND AND GROUND STANDAI 


OPERATING CONDITIONS 


SPEED- 2000 RPM : 

Ol. INLET TEMPERATURE -230 °F 

OIL INLET PRESSURE - 20 PS! 

OIL GRADE -TRANSMISSION FLUID - TYPE “< 

LOAD -INCREASED IN 100% INCREMENTS 
UNTIL FAILURE 


RO OISHED IN =: DISHED OUT 
LAPPED BACK PRODUCTION 


FLATNESS CHARACTERISTICS 


Fig. 1 — Effect of washer flatness charac- 
teristics on the load carrying capacity. 
The principal types of surface distortions 
are shown at the top. 





Fig. 2— Washer groove designs. 


OPERATING CONDITIONS 


SPEED - 2000 RF PM. 

OWL INLET TEMPERATURE - 200 “F 

Ol. INLET PRESSURE -30 PS! 

OWL GRADE- SAE 30 

LOAD -INCREASED AT 3-MIN INTERVALS 
UNTIL FAILURE 


LEADED BRONZE -'0%Ps 


* LEADED BRONZE - 254% 


PLAIN (NO GROOVE) THRU GROOVES TEARDROP GROOVE TAPERED LAND 
WASHER GROOVE TYPE 


SIMULATED 
TEARDROP TAPERED LAND 


+t aacoras 
sau & 


eT 
BOREL OO 
saa 2 
BS 5B 
ros 


Fig. 3— Effect of washer 
groove type on the load car- 
rying capacity. 





Fig. 1 — Typical SAE friction test 
fixture, shown installed on dyna- 
mometer, together with auxiliary 
equipment necessary to run a typi- 
cal test. 


Wet friction measured 


in steady-state test 


New test fixture measures wet friction characteristics 
of materials used in automatic transmissions. 


Based on paper by 


G. R. Smith 


General Motors Corp 


V. Jj. Jandasek 


Ford Motor Co 


S. R. Sprague 
Shell Oil Co 
and 


R. B. Singer 


Motec Industries 


STEADY-STATE test for measuring the wet 

friction characteristics of materials used in au- 
tomatic transmissions is being developed by the Sub- 
committee on Friction of the SAE Transmission 
Committee. It is hoped that this test will prove 
more satisfactory than previous tests, such as the in- 
ertia dynamometer test. 

With the new procedure, three important variables 
in the operation of transmissions can be fixed: 

e Temperature. 

@ Velocity. 

@ Unit pressure. 

Thus, test points can be taken at fixed pressures, 
at stabilized velocity, and with large volumes of test 
oil flowing over the interface of the grooved friction 
plate to control the temperature. Under these con- 
trolled conditions, test fixture torque can be meas- 
ured, converted into coefficient of friction, and 


plotted against velocity. Each point on the curve, 
therefore, represents a stabilized, steady-state con- 
dition. 

The proposed fixture (Fig. 1) — designed to con- 
form to this concept — can be used to conduct three 
basic types of tests: 


@ To test an oil relative to friction materials and 
steel plates. 

@ To test steel plate surface finish against friction 
materials with a given oil. 

@ To test steel surfaces and oil against an un- 
known friction material. 


To illustrate the practicability of the SAE test fix- 
ture in the study of design problems, the results of 
tests with different lubricants, facing materials, and 
surface finishes of the steel plates are presented 
below. 


Lubricant-coolant 


The coefficient of friction versus speed curves 
shown in Fig. 2 illustrate the wide range of friction 
levels that can be obtained with various test lubri- 
cants. 

Fluids like RFF-4, with a rising coefficient of fric- 
tion with decreasing speed, are known to promote 
frictional vibration (sometimes called the “slipstick” 
phenomenon) and, in some cases, squawk and rough 
clutch engagement. On the other hand, fluids like 
RFF-i and RFF-3 tend to minimize frictional vibra- 
tions. 

The frictional characteristics of the lubricant can 
change with usage, as demonstrated by Fig. 3. In 
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STEEL FINISH: FELT LAPPED 
FACING MATERIAL: RFM-!I 
UNIT PRESSURE: 120 PSI 


COEFFICIENT OF FRICTION 


8 


400 600 800 1000 
SPEED - RPM 

250 750 1000 1250 
SLIDING SPEED-FT. / MIN. 


Fig. 2 — Differences between lubricant-coolants. 
RFF-1 and RFF-3 contain highly surface-reactive 
materials, which prevent or modify surface-to-surface 
contact occurring during boundary lubrication condi- 
tions and thereby reduce the coefficient of friction. 
RFF-4 contains no friction modifying agent, so the 
coefficient of friction increases with decreasing 
speed because of loss of oil wedge tendency. It does 
contain oxidation inhibitors and antiwear agents com- 
mon to both engine and transmission lubricants. 


this case, a definite change in the shape of the fric- 
tion curve favoring frictional vibration and an in- 
crease in the static coefficient of friction from 0.08 to 
0.14 was observed. 


Facing materials 


The commercially available asbestos-base RFM-1 
material was compared with a sintered-bronze 
RFM-2 material, as shown in Fig. 4. The curves 
show the wide differences that can exist between 
different facing materials. In the future, tests will 
be conducted to determine the frictional character- 
istics of a resilient type of clutch facing material. 


Steel plates—surface finish 


Various commercial methods of surface finish 
were studied, including a lapped finish (fine abra- 
sive), a microhoned finish, and a roller burnish 
finish. The results of these studies, together with 
proficorder traces indicating comparative asperity 
heights, are shown in Fig. 5. 

These results indicate that the smoother the fin- 
ish, as measured by decrease in asperity height, the 
lower the kinetic coefficient of friction. Static fric- 
tion levels were also sensitive to surface finish, al- 
though to a lesser extent. Most of the committee 
work was done using felt-lapped steel plates ob- 
tained from a single source. 

A few of the tests were also conducted to deter- 
mine the influence of gross contour waves, which ex- 
tended across 30-60% of the width of the plate. 
These results suggested a 5-10% overall reduction in 
friction level. 

It is evident that the surface finish of the steel 
plate has a definite influence on coefficient of fric- 
tion when tested with the friction materials indi- 
cated. There is evidence, however, that with cer- 
tain other friction materials the surface finish of 
the steel plate has relatively little effect. 


To Order Paper No. 363A .. . 


from which material for this article was drawn, see p. 6. 
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TEST OlL: RFF- 5 

STEEL FINISH: FELT LAPPED 
UNIT PRESSURE: 120 PSi 
FACING MATERIAL: RMF-! 


COEFFICIENT OF FRICTION 


400 600 1000 
SPEED- RPM 

250 500 750 6 000 1250 
SLIDING SPEED -FT. / MIN. 

Fig. 3 —— Comparison of new and used lubricant fric- 
tion characteristics. 


TEST OIL: RFF -2 
STEEL FINISH: FELT LAPPED 
UNIT PRESSURE: 120 PSi 


COEFFICIENT OF FRICTION 


200 400 600 800 1000 
SPEED - RPM 
° 250 500 750 1000 1250 
SLIDNG SPEED -FT. 7 MIN. 


Fig. 4— Difference between two facing materials. 
RFM-1 has asbestos base, whereas RFM-2 is a sin- 
tered bronze. 


ROLLER BURNISH 


FELT LAPPED 


TEST OlL: RFF-I 
FACING MATERIAL: RFM~—| 
UNIT PRESSURE : !20 PSI 


COEFFICIENT OF FRICTION 


200 400 600 800 1000 
SPEED- RPM 


° 1250 


250 500 750 1000 
SLIDING SPEED -FT./ MIN. 
Fig. 5 — Influence of various surface finishes. 





Space Age 


Materials 
Subjected To 
Statistical Testing 


... by SAE Refractory Materials Committee 
in development of new SAE Aerospace Ma- 
terials Specifications. 


‘by W. C. Schulte, 
D. K. Hanink, 





EW statistical techniques are being used to help 
N solve spec-writing problems of the recently 
created SAE Refractory Materials Committee. The 
new techniques are being applied to a wide range of 
new materials for which SAE Aerospace Materials 
Specifications are being written. Among these ma- 
terials are: molybdenum, columbium, titanium, va- 
nadium, tantalum, tungsten, ceramics, cermets, and 
graphite. 

The brittleness of these materials made the new 
testing techniques necessary .. . but there is every 
indication that they will be found helpful and appli- 
cable to testing conventional materials later on. 

An example of this basic change in philosophy can 
best be illustrated by the statistical approach in the 
testing of a popular material used in rocket nozzles, 
graphite. Although graphite is one of the oldest ma- 
terials, the name itself belies the great variety of 
grades and types which are produced in the industry. 
It’s a double specification problem of dealing with a 
brittle material while simultaneously attempting to 
differentiate material by other than composition. 

For example, the test methods employed for flex- 
ural strength, compressive strength, and tensile 
strength are all ASTM standards for concrete and/or 
cement mortars. Certainly, these seem to tempo- 
rarily ‘‘fill the bill,” but this serves to emphasize the 
type of structural material with which we must cope 
on certain space age specialized applications. On 
physical properties, it may become common place to 
measure Young’s Modulus using sonic techniques in 
a routine manner whereas such apparatus has been 
largely confined to the research laboratory. 


Vehicle Reliability 
Linked to New Testing Techniques 

“How many parts in 1000 will fail?” is a question 
that will be answered more directly by using the new 
Statistical techniques in AMSs. Right now the Wei- 
bull Theory of Strength shows immediate promise 
of giving direct reliability figures on materials with 
a minimum of testing. This is because: 


@ Results of strength tests for one stress 
state can be used to determine average 
failure stresses in other stress states. 


@ Effects due to size can be determined the- 
oretically. 


@ The Weibull material constant, m, doesn’t 
vary with stress state. 


An example of the use of this last point is shown 
in Fig. 1. Each material has a characteristic m value 
(bare Type I graphite at room temperature has an m 
of about 6 while mild steel is about 58). From the 
graph the Material Safety Factor can quickly be es- 
tablished for the probability in question. This gives 
the designer data in a form compatible with his 
need for reliability information. 


Fig —The variation of material 
safety factor with Weibul! material 
constant, m, for various probabilities 
of survival 
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* Aerospace Standards 


* Aerospace Material Specifications 


... constitutes part of a new service to Journal readers. 


SAE Aerospace Reports 


hit 1300 mark 


This digest-listing of 74 new and revised... 


* Aerospace Recommended Practices 


* Aerospace Information Reports 


Future listings will 


cover all reports approved each month by the four ground and air Councils 
of the SAE Technical Board. 


HIS is the second digest-listing of 

new and revised SAE reports to 
appear as a monthly service to SAE 
Journal readers. It consists of the 74 
aerospace reports approved by the 
Aerospace Council of the SAE Tech- 
nical Board since January, 1961. (The 
first began last month with a preview 
of new and revised ground vehicle re- 
ports scheduled for the 1962 SAE 


Handbook.) 

Next month’s listing will cover what 
was approved within the previous 
month by the four ground and air 
Councils. 


Issuance of the 37 new reports listed 
herein has pushed SAE’s existing 
family of aerospace documents to the 
1300 mark. 


Aerospace Council 


OCTOBER, 1961 


Carl Sadler 


Chairman 


NEW: SAFETY (LAP) BELTS FOR 
CIVIL TRANSPORT AIRCRAFT (ARP 
682) —Contains recommendations 
leading to standardization of safety 
(ap) belts in civil transports. All 
components of the belt, except for seat 
or berth structure, are covered. (Com- 
mittee S-9, Cabin Safety Provisions) 


REVISED: AIR CONDITIONING, 
HELICOPTERS, GENERAL RE- 
QUIREMENTS FOR (ARP 292A) — 
Extensively revised to concur with the 
latest state-of-the-art as it has evolved 
since 1954 when the report was first 
issued. (Committee A-9, Aerospace 
Environmental Systems) 


REVISED: AIR CONDITIONING 
EQUIPMENT, GENERAL REQUIRE- 
MENTS FOR SUBSONIC AIRPLANES 
(ARP 85A)—Updated to present 
state-of-the-art. Reflects experience 
gained since 1956 in operating current 
subsonic transports. (Committee A-9, 
Aerospace Environmental Systems) 
(continued on next page) 





NEW: THERMAL DESIGN CON- 
CEPTS FOR HIGH MACH NUMBER 
AIRCRAFT (ARP 728) — Will help 
electronic manufacturers select design 
approach to equipment which can 
operate in supersonic environment. 
General design concepts, considered to 
be minimum acceptable standards for 
use in electrical and electronic equip- 
ment are outlined. The report is aimed 
at increasing equipment reliability 
without penalizing performance. (Com- 
mittee A-9, Aerospace Environmental 
Systems) 


REVISED: LOW-PRESSURE HIGH- 
TEMPERATURE PNEUMATIC DUCT- 
ING SYSTEMS — 300 PSI AND 1000 
F MAXIMUM (ARP 699A) —A field 
maintenance and inspection section 
has been added. (Committee A-9, 
Aerospace Environmental Systems) 


NEW: OXYGEN EQUIPMENT, PRO- 
VISIONING AND USE IN HIGH ALTI- 
TUDE (TO 40,000 FT.) COMMERCIAL 
TRANSPORT AIRCRAFT (AIR 505) 
— Will help industry in selection and 
usage of oxygen equipment for high- 
altitude transports flying between 
8,000 and 40,000 ft. (Committee A-10, 
Aircraft Oxygen Equipmient) 


REVISED: COCKPIT VISIBILITY 
REQUIREMENTS FOR COMMER- 
CIAL TRANSPORTS AIRCRAFT 
(ARP 580A) — Defogging and Precipi- 
tation removal Sections were clarified. 
(Committee S-7, Cockpit Standardiza- 
tion) 


NEW: COLOR CODING OF TERMI- 
NALS AND WIRING FOR FLIGHT 
EQUIPMENT (ARP 669) — Provides a 
color code guide for identifying 3- 
phase electrical wiring and terminals 
of flight equipment. This code is in- 
tended to supplement other identifica- 
tion practices such as MIL-STD-122, 
MIL-STD-195, MIL-SPEC.-5088B. Se- 
lected colors conform with MIL-STD. 
195 for marking connections for elec- 
trical assemblies. ‘(Committee A-2 
Aerospace Electrical Equipment) 


NEW: FUEL AND OIL QUANTITY 


INSTRUMENTS-TURBINE POW- 
ERED SUBSONIC AIRCRAFT (AS 
445) — Establishes essential miminum 
safe performance standards for fuel 
and oil quantity instruments subjected 
to the environmental conditions of 
turbine-powered subsonic transports 
and is applicable to the capacitance 
sensor type of instrument. (Commit- 
tee A-4, Aircraft Instruments) 


REVISED: POWERPLANT FIRE DE- 
TECTION INSTRUMENTS — THER- 


* MAL AND FLAME CONTACT TYPES 


— RECIPROCATING ENGINE POW- 
ERED AIRCRAFT (AS 401B) — Up- 
dated to meet current requirements of 
state-of-the-art. (Committee A-4, Air- 
craft Instruments) 


REVISED: MAXIMUM ALLOWABLE 
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AIRSPEED INSTRUMENTS — RE- 
CIPROCATING ENGINE POWERED 
AIRCRAFT (AS 418A) — Up-dated to 
meet current requirements of state- 
of-the-art. (Committee A-4, Aircraft 
Instruments) 


NEW: TEMPERATURE INSTRU- 
MENTS — TURBINE POWERED 
SUBSONIC AIRCRAFT (AS 414) — 
Establishes essential minimum safe 
performance standard for electrical- 
type temperature instruments pri- 
marily used on turbine-powered, sub- 
sonic transports. Ratiometer and 
millivoltmeter type instruments are 
covered. (Committee A-4, Aircraft In- 
struments) 


NEW: LIGHTING, INTEGRAL, FOR 
AIRCRAFT INSTRUMENTS: CRI- 
TERIA FOR DESIGN (ARP 582) — 
Recommends basic considerations and 
criteria to be observed by designers of 
integral instrument lighting systems. 
Covers general requirements and test 
procedures for lighting systems which 
are to provide uniform lighting of each 
instrument and give good legibility 
under day or night conditions as well 
as between instrument displays. (Com- 
mittee A-20, Aircraft Lighting) 


NEW: LANDING AND TAXIING 
LIGHTS — CRITERIA FOR INSTAL- 
LATION (ARP 693) — Recommends 
criteria for the design of landing and 
taxiing light systems. Covered are re- 
quirements for installations in single- 
engine personal, light twin-engine, 
large, multi-engine propeller and 
turbo-jet, military high-performance 
fighter and attack aircraft, and heli- 
copter. (Committee A-20, Aircraft 
Lighting) 


NEW: AIRCRAFT AIR COMPRESSOR 
LUBRICATING OIL (ARP 664) — Sets 
forth uniform requirements for a grade 
of oil used in a high-pressure compres- 
sor with self-contained lubricating sys- 
tems. Since such an oil is not yet 
available, the report is intended to 
serve as a guide for its development. 
(Committee A-6, Aerospace Hydraulic 
and Pneumatic Systems and Equip- 
ment) 


REVISED: HOSE ASSEMBLIES: AIR- 
CRAFT AND MISSILES, HIGH-TEM- 
PERATURE, HIGH-PRESSURE (250,- 
000 CYCLES) (ARP 604A) — Covers 
hose assemblies suitable for use in 
high-temperature (400 F), high-pres- 
sure (3000 psi), high impulse life air- 
craft and missiles fluid applications. 
(Committee G-3, Aerospace Fittings 
and Flexible Hose Assemblies) 


NEW: SUGGESTED PHYSICAL AND 
PERFORMANCE TESTS FOR TYPE 
Il (-65 to +275 F) O-RING PACK- 
INGS, 3000 PSI PNEUMATIC SERV- 
ICE (AIR-740) — Outlines test meth- 
ods proposed for qualifying O-ring 
packings used in aircraft pneumatic 
systems. The report is a basis for 


future preparation of a complete pack- 
ings specification, the latter being con- 
sidered feasible only after it becomes 
known what basic type of elastomer 
proves capable of desired performance. 
(Committee G-4, Elastic Seals) 


NEW: AIRCRAFT CONSTANT DIS- 
PLACEMENT HYDRAULIC MOTOR 
(AS 696) —Establishes common re- 
quirements for constant-displacement 
hydraulic motors and provides methods 
of demonstrating compliance with 
with these requirements. Committee 
A-6, Aerospace Hydraulic and Pneu- 
matic Systems and Equipment) 


NEW: SUPPORT EQUIPMENT EN- 
GINEERING DATA SHEET (ARP 706) 
— Provides a format for presenting 
technical information on commerci- 
ally-available aerospace support equip- 
ment. Is similar to a form used by 
Air Force and Navy to describe support 
equipment. Developed for potential 
users of support equipment. (Com- 
mittee GSE-1) 


NEW: BEARING, BALL, ANNULAR 
(ARP 671) — Provides certain design 
requirements and quality assurance 
provisions for anti-friction bearings 
used by aircraft industry. Covers 
single-row, radial, deep-groove, non- 
filling, slot-type ball bearings having 
tolerance grades 1, 3, 5, and 7, and 
varying radial clearances. (Committee 
E-25, Engine and Propeller Standard 
Utility Parts) 


REVISED: TUBE BENDING RADIUS 
(AS 130A) — Completely revised. This 
report now contains a monogram for 
easy selection of minimum bend radius 
for this class of tube bending. ‘(Com- 
mittee E-21, Design and General 
Standards for Aerospace Propulsion 
Systems) 


NEW: ANALYSIS AND RECOMMEN- 
DATIONS OF GOOD PRACTICE FOR 
TURBO-JET AIRCRAFT ENGINE 
TEST CELL CORRELATION (AIR 
741) — Outlines practices and proce- 
dures leading to better correlation of 
performance tests used in development 
and acceptance of turbo-jet engines. 
Key aspects of reproducible engine per- 
formance are covered. (Propulsion 
Test Study Panel) 


REVISED: PREMIUM AIRCRAFT 
QUALITY STEEL CLEANLINESS — 
Magnetic Particle Inspection Procedure 
(AMS 2300A) — Changes affect sam- 
pling procedures plus rough machining 
and heat treatment parts of Specimen 
Preparation Section. 
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Aerospace Material Specifications 


REVISED: AIRCRAFT QUALITY 
STEEL CLEANLINESS — Magnetic 
Particle Inspection Procedure (AMS 
2301A) — Revisions occur only in Dis- 
position Section. 


REVISED: NICKEL-ZINC ALLOY 
PLATING (AMS 2417A) —A change 
occurs in the hydrogen embrittlement 
relief part of Technical Requirements 
Section. 


NEW: PLATING MAGNESIUM FOR 
SOLDERABILITY — Zinc Immersion 
Process (AMS 2421) — For preparing 
magnesium parts for soft soldering. 


REVISED: SHOT PEENING (AMS 
2430C) —Changes occur in sections 
on: Peening Designation; Material and 
Equipment; and Approval. 


REVISED: ALUMINUM BRAZING 
(AMS 2672B) — Extensive revision of 
Process Requirements and Approval 
Sections. 


NEW: LEAK TEST SOLUTION — Liq- 
uid Oxygen Compatible (AMS 3159) — 
For use in detecting leaks in liquid 
oxygen propulsion systems where a 
leak test solution (bubble fluid) is de- 
sirable. 


REVISED: SILICONE RUBBER — 
1000 psi (45-55) (AMS 3345A) — Ex- 
tensive revisions affect physical prop- 
erties. Changes also in Application, 
Tolerance, Reports, and Approval Sec- 
tions. 


REVISED: HOSE, SYNTHETIC 
RUBBER, AIRCRAFT FUELING — 
Textile Reinforced, Collapsing (AMS 
3386A) — Revision affects cover part of 
Material and Lubrication Section; 
burst pressure part of Technical Re- 
quirements Section, and Standard 
Sizes, Weights, and Tolerances Sec- 
tion. 


REVISED: HOSE, SYNTHETIC 
RUBBER, AIRCRAFT FUELING — 
Textile Reinforced, Noncollapsing 
(AMS 3387A) — Revisions affect 
same Sections shown in AMS 3386A. 


REVISED: HOSE, SYNTHETIC 
RUBBER, AIRCRAFT FUELING — 
Single Wire Braid Reinforced, Non- 
collapsing (AMS 3388A) — Revisions 
affect sections on: Material and Fab- 
rication; Technical Requirements; and 
Standard Sizes, Weights, and Toler- 
ances. 


REVISED: HOSE, SYNTHETIC 
RUBBER, AIRCRAFT FUELING — 
Double Wire Braid Reinforced, Non- 
collapsing (AMS 3389A) — Hose and 
cover parts of Material and Fabrica- 


OCTOBER, 1961 


tion Section are affected along with 
burst pressure part of Technical Re- 
quirements Section. Changes also 
occur in Standard Sizes, Weights, and 
Tolerances Section. 


NEW: PLASTIC MOLDINGS AND 
EXTRUSIONS — Polyamide — Nylon 
(AMS 3617) —For mechanical parts 
requiring high strength and resistance 
to aircraft fuels and lubricants at tem- 
peratures up to 250 F. 


REVISED: PLASTIC EXTRUSIONS, 
FLEXIBLE — Polyvinyl Chloride (AMS 
3630C) — Appearance and properties 
parts of Technical Requirements Sec- 
tion have changed. Also revised were 
Tolerances Section and a portion of 
Approval Section. 


NEW: PLASTIC MOLDINGS, LAMI- 
NATED, THERMOSETTING RESIN 
— Glass Fabric Reinforced, Heat Re- 
sistant —500 F (AMS 3642) — For 
parts requiring thermal stability when 
in continuous service at temperatures 
up to 500 F or intermittent service up 
to 1000 F consistent with good me- 
chanical properties. 


NEW: SANDWICH STRUCTURES, 
GLASS FABRIC-RESIN — Low Pres- 
sure Molded, Heat Resistant (AMS 
3710) —For structural and electrical 
parts requiring low weight and high 
strength properties at temperatures up 
to 300 F. 


NEW: POLYTETRAFLUOROETHY- 
ENE SHEET—tTFE  Fluorocarbon 
Resin, Asbestos Fiber Reinforced (AMS 
3842) — For gaskets requiring a mini- 
mum of thickness variation and com- 
patibility with liquid oxygen. 


NEW: ASBESTOS FELTING — “B” 
Stage Phenolic Resin Impregnated 
Low-Pressure Molding (AMS 3858) — 
For molding into flat sheets and con- 
toured laminates requiring resistance 
to continuous exposure up to 500 F or 
short time (i.e. % hr or less) exposure 
up to 600 F. 


NEW: CRYSTALLIZED GLASS CE- 
RAMIC (AMS 3880) — For high-tem- 
perature, high-frequency applications 
in the electronics field, such as ra- 
domes, microwave antennas, and an- 
tenna covers. 


REVISED: ALUMINUM 
SHEET 


ALLOY 
AND PLATE — 4.5Cu — 0.8Si 


—0.5Mg (2014-0) (AMS 4028A) — 
Certain tensile property requirements 
have changed. 


REVISED: ALUMINUM ALLOY 
SHEET AND PLATE — 4.5Cu. — 0.88i 
—0.8Mn—0.5Mg (2014-T6) (AMS 
4029A) — Tensile property  require- 
ments have changed. 


REVISED: ALUMINUM ALLOY 
SHEET AND PLATE —4.5Mg — 
0.65Mn — 0.15Cr (5083-0) (AMS 
4056A) — The Tensile Properties and 
Protective Treatment Sections have 
changed. 


REVISED: ALUMINUM ALLOY 
SHEET AND PLATE — 4.5Mg — 
0.65Mn —0.15Cr (5083-H113) (AMS 
4059A) — Tensile Properties and Pro- 
tective Treatment Sections have 
changed. 


REVISED: ALUMINUM ALLOY 
EXTRUSIONS—0.65Mg — 0.4Si 
(6063-T6) (AMS 4156C) — Changes 
occur in Tensile Properties and Identi- 
fication Sections. 


REVISED: MAGNESIUM ALLOY 
SHEET AND PLATE — 3.2Th — 0.7Zr 
(HK31A-H24) (AMS 4385B) — Tensile 
and Compressive Properties, Toler- 
ances, and Identification Sections have 
changed. 


REVISED: MAGNESIUM ALLOY 
SHEET AND PLATE — 2Th — 0.8Mn 
(HM21A-T8) (AMS 4390A) — Revi- 
sions affect Condition, Tolerances, and 
Identification Sections. 


NEW: MAGNESIUM ALLOY CAST- 
INGS, SAND — 2.5Ag — 2Di— 1Zr 
(QE22A-T6) — Solution and Precipi- 
tation Heat Treated (AMS 4418) — For 
parts requiring high yield strength at 
temperatures up to 600 F. 


NEW: MAGNESIUM ALLOY CAST- 
INGS, INVESTMENT—l10A1 
(AM100A-T6) — Solution and Precipi- 
tation Heat Treated (AMS 4455) — For 
small and intricate parts, operating at 
temperatures up to 300 F, cast to ap- 
proximately final dimensions where the 
intricacy of the part is such that a high 
fluidity is required. 


REVISED: TITANIUM ALLOY —6Al 
— 4V—Annealed, 120,000 psi Yield 
(AMS 4928A)—The hardness and 
properties after heat treatment parts 
of the Technical Requirements Section 
have changed as well as the Composi- 
tion, Tolerances, and Identification 
Sections. 


REVISED: STEEL CASTINGS, SAND 
AND CENTRIFUGAL, CORROSION 
RESISTANT — 16Cr — 4Ni — 2.9Cu 
(AMS 5398A) — Revision affects Com- 
position, Condition, Technical Require- 
ments, and Reports Sections. 
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NEW: STEEL SHEET AND STRIP, 
CORROSION RESISTANT — 12.5Cr 
(SAE 51410 Modified) — Ferrite Con- 
trolled (AMS 5505) —For parts and 
assemblies requiring uniformly high 
room-temperature tensile properties 
along with oxidation resistance up to 
1000 F where control of ferrite content 
is necessary. 


REVISED: STEEL SHEET AND 
STRIP, CORROSION RESISTANT — 
18Cr — 8Ni (SAE 30302) —Deep and 
Shallow Forming — (AMS 5515D) — 
Revision changes Applications, Condi- 
tion, and Identification Sections. 


NEW: STEEL TUBING, WELDED, 
CORROSION AND HEAT RESISTANT 
— 20Cr — 9Ni — 1.4Mo — 14W — 
0.4(Cb + Ta) — 0.2Ti— Thin Wall 
(AMS 5579) —For high-temperature 
air ducting requiring both corrosion 
and heat resistance, wherein the wall 
thickness is approximately 2% of the 
OD or less. 


REVISED: STEEL TUBING, SEAM- 
LESS, CORROSION RESISTANT — 
12.5Cr (SAE 51410) (AMS 5591D) — 
Composition Section revised. 


NEW: STEEL, CORROSION AND 
MODERATE HEAT RESISTANT — 
12.5Cr (SAE 51410 Modified) — Ferrite 
Controlled (AMS 5612) —For parts 
and assemblies requiring uniformly 
high temperature tensile properties 
along with oxidation resistance up to 
1000 F where control of ferrite content 
is necessary. 


REVISED: STEEL, CORROSION AND 
MODERATE HEAT RESISTANT — 
12.5Cr (SAE 51410) (AMS 5613E) — 
Two Sections were revised: Composi- 
tion and Condition. 


REVISED: ALLOY, CORROSION AND 
HEAT RESISTANT —Nickel Base — 
22Cr — 1.5Co — 9Mo — 0.6W — 18.5Fe 
(AMS 5754D) —The check analysis 
part of Composition Section was cor- 
rected to read: “Composition variations 
shall meet the requirements of the 
latest issue of AMS 2269." 


REVISED: ALLOY, CORROSION AND 
HEAT RESISTANT — Cobalt Base — 
20Cr — 10Ni—15W (AMS 5759B) — 
The hardness part of Technical Re- 
quirements Section was changed as 
were the Tolerances and Reports Sec- 
tions. 


NEW: STEEL WIRE, WELDING, 
CORROSION AND HEAT RESISTANT 
— 15Cr — 26Ni — 1.3Mo — 2.2Ti — 0.3V 
(AMS 5804) — For use as filler metal 
for inert gas arc welding of precipita- 
tion hardening corrosion resistant steels 
of similar composition. 


REVISED: STEEL WIRE, WELDING, 
CORROSION AND MODERATE HEAT 
RESISTANT — 15Cr — 7.1Ni — 2.4Mo 
— 1Al — Vacuum Melted (AMS 5812A) 
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— The cast part of Technical Require- 
ments was changed. 


NEW: STEEL WIRE, WELDING, COR- 
ROSION RESISTANT —12.5Cr (SAE 
51410 Modified) — Special Grade (AMS 
5821) —For use as filler material for 


welding corrosion resistant alloys of) , 


similar composition which have re- 
quirements for control of ferrite. 


NEW: HONEYCOMB CORE, CORRO- 
SION AND HEAT RESISTANT STEEL 
— Resistance Welded— Square Cell 
(AMS 5850) — For use as a low-density 
material in brazed structures. 


NEW: STEEL — 0.95Cr — 0.2Mo (0.38— 
0.45C) 
Drawn and Tempered, 130,000 psi Yield 
(AMS 6378) — For parts such as shafts, 
axles, pins, fasteners, gears, and screw 
machine parts which are normally used 
at hardness of Rockwell C 30-36. 


NEW: STEEL — 0.95Cr — 0.2Mo (0.40— 
0.53C) (SAE 4140 Modified) Die Drawn 
and Tempered, 165,000 psi Yield (AMS 
6379) — For parts such as shafts, axles, 
pins, gears, and screw machine parts 
which are normally used at hardness 
of Rockwell C 37-43. 


NEW: STEEL SHEET AND PLATE — 


| 


(SAE 4140 Modified) — Die | 


Low Alloy, Heat Treated — 100,000 psi | 
Yield Strength (AMS 6386) — For large | 
structural applications requiring a good | 
combination of strength, formability, | 
and weldability without subsequent | 


heat treatment. 


NEW: STEEL — 1.6Si — 0.8Cr — 1.8Ni | 


—0.07V (0.41-0.46C) 
For heat treated parts, such as pressure 
vessels, requiring through hardening to 
high-strength levels. May be welded 
without undue difficulty. 


REVISED: ALUMINUM RIVETS — 
99Al (1100-H14) (AMS 7220C) — Com- 
position has changed. 


REVISED: ALUMINUM RIVETS — 
2.5Cu — 0.3Mg (2117-T4) (AMS 7222C) 
Composition has changed. 


REVISED: DECALCOMANIAS (AMS 
7290B) — Mounting instructions and 
material parts of Technical Require- 
ments Section have changed .. . as has 
a part of the Approval Section. 


NEW: VIRGIN BERYLLIUM BARS, 
RODS, AND SHAPES (AMS 7900) — 
For parts requiring high strength-to- 
weight ratio and high modulus of elas- 
ticity. 


NEW: BERYLLIUM BARS, RODS, 
AND SHAPES (AMS 7901) — For parts 
requiring high strength-to-weight ratio 
and high modulus of elasticity. 


NEW: BERYLLIUM SHEET AND 
PLATE (AMS 7902) —For parts re- 
quiring high strength-to-weight ratio 
and hizth modulus of elasticity. 


(AMS 6416) —| 


Preignition Mechanism 


. Dar 


H. V. LOWTHER and 
K. C. KRESGE 


Socony Mobil Oil Co 


REIGNITION in 2-stroke outboard 
engines running under extended 
high-speed, full-load conditions may 
well be of the hot-spot type. At least 
the preignition occurring in a 2-stroke 
engine operating in the laboratory un- 
der such strenuous conditions (Tables 
1 and 2) appeared to be of this type, 
rather than of the deposit-induced 
variety, such as is usually found in 
passenger-car engines. 
Here in further detail is a possible 
explanation of how this type of preig- 
nition may occur. 


Table 1 — Specifications for 
2-Stroke V-4 Engine 
70.7 
3x2% 


Thermostat 
controlled, 
water cooled 


50 at 4000 


Displacement, cu in. 
Bore X Stroke, in. 
Cooling System 


Output, bhp at rpm 


Fuel Consumption 


(approx.) gal/hr 6.0 


Table 2 — Test Conditions 


Test Duration, hr 
Test Cycle 
At Idle (550+50 rpm), min 5 


At Wide-Open Throttle (4850 
+ 150 rpm), min 


100 


55 
140 
100 


20/1 


Jacket Water Temperature, F 
Test Tank Water Temperature, F 


Fuel/Oil Ratio 


How Preignition Occurs 


As the clean engine runs and begins 
to accumulate combustion-chamber 
deposits, these deposits tend to insulate 
the chamber and hinder heat conduc- 
tion to the coolant. As a result the 
chamber surface —or, more correctly, 
the deposit surfaces—become ex- 
tremely hot. This is aggravated, of 
course, by the characteristics of the 
two-stroke cycle and the severe engine 
test conditions: (1) one power stroke 
per cylinder for each revolution and 
(2) extended periods of high-output 
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operation. The deposits consists 
mainly of complex salts of lead, phos- 
phorus, halogens, and oil additive 
metals. Due to high temperatures, 
there is little or no carbon present — 
usually less than 2%. 

These deposits build up to the point 
where they break off, due to thermal 
shock or to mechanical force. Most of 
this debris leaves the chamber with the 
exhaust gases. However, small parti- 
cles find their way to the spark-plug 
insulator tip, which is one of the hot- 
test parts of the combustion chamber. 
Here the deposits accumulate enough 
heat to autoignite the fuel-air mixture 
and preignition results. Spark-plug 
insulator tip temperatures were about 
1800 F with thermocouple plugs. Since 
this is an average running temperature 
for the cycle, peak temperatures should 
be significantly higher. They should, 
therefore, extend almost to the autoig- 
nition temperature of the fuel-air 
charge. 

Anything that affects the combus- 
tion chamber in such a way as to re- 
duce heat outflow even slightly should 
tend to push the temperature of the 
insulator tip above the autoingnition 
point of the fuel-air charge, resulting 
in preignition. 

To prove that deposits on the plug 
were the preignition source, plugs in 
cylinders that were undergoing preig- 
nition were replaced with new plugs 
and, as a result, preignition stopped. 
When the used plugs were again put in 
the engine it immediately went into 
preignition. 

Thus, it can be seen why phosphorus 
and lead are detrimental. Both tend 
to increase the amount of deposit 
formed. In addition, by forming less 
volatile salts with lead, phosphorus 
would interfere with the action of the 
halogen scavengers. Introducing large 
amounts of additional halogen scaven- 
gers reduces deposit formation, which 
in turn increases heat outflow and low- 
ers preignition rates. 

Likewise, detergents have an effect, 
since they can contribute to deposit 
buildup. This might suggest that an 
ashless detergent would be best. How- 
ever, use of this type of material re- 
sulted in short plug life, due to spark- 
plug fouling. The presence of a metal 
such as calcium or barium, which will 
aid in forming highly electrically re- 
sistant deposits, is helpful in prevent- 
ing or reducing spark-plug fouling. 
Unfortunately, components that aid in 
preventing fouling seem to be the same 
ones that aggravate preignition. 

It is difficult to explain why more 
volatile base stocks cause less preigni- 
tion, in view of the lack of carbon in 
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Component Change 


Remove tel from fuel 
Remove phosphorus from fuel 
Remove phosphorus from oil 
Decrease oil ash content 


TUTECTT DETTE 


Use light distillate base stocks 
Use halide scavenger agents 


SUUUNAUAUAEDEODEDREDDODOOA TAU ENACEOEEOOOEUETEE ea 


COUT PURDUOGTOUOULDEAEEDOEU SOUT 


the deposits. One possibility is that 
the more volatile, light distillates cause 
less porous deposits, that is to say a 
smaller volume of deposits, than the 
heavier stocks, and thus allow better 
heat conduction. Formation of carbon 
in the deposits during cooler portions 
of the cycle could occur with subse- 
quent burn-off during the combustion 
portion. Thus, the carbon forming 
tendencies of oils could be a factor 
without leaving carbonaceous deposits. 
However, this is speculation and fur- 
ther study is needed to establish the 
validity of this assumption. 

Any other factors tending to reduce 
the temperature of the spark-plug tip, 
such as lower-heat-range spark plugs, 
better cooling of the insulator tip 
through proper placement of the in- 
take charge flow pattern, or better 
overall cooling of the cylinder-piston 
area, will tend to reduce preignition. 

The preignition mechanism being 
discussed here is different from the 
preignition mechanism that, it is be- 
lieved, is the usual case found in pas- 
senger-car engines. The basic distinc- 
tion is in the severity of the service 
under consideration. Passenger-car 
engines generally are not run at full 
load for any length of time, whereas 
the outboard equipment under consid- 
eration is very frequently run for long 
periods of time at full load. This re- 
sults in very high combustion-chamber 
temperatures, which is indicated by 
the fact that combustion chamber de- 
posits contain very little carbon and 
are composed mainly of inert ash. 

On the other hand, four-stroke-cycle 
operation at part load usually results 
in combustion-chamber deposits con- 
taining quite large amounts of carbon. 
This carbon appears to be the func- 
tional point of the phosphorus, as it 
is used in preventing or suppressing 
preignition in the four-stroke engine. 
The phosphorus, in this case, raises 
the glow point of the carbonaceous de- 
posits and thus eliminates another 
source of ignition other than a spark 
itself. But, in the high-speed, high- 


Table 3 — Effect of Modifications in Fuel and Oil in 
Preignition and Spark-Plug Fouling 


Replace metallic detergent with ashless detergent 


Reference Fuel = Gasoline with 22 ppm of phosphorus and 3.0 mi/gal of tel 
Reference Oil = SAE 30 outboard oil with 30% bright stock, a metallic detergent, 
and a phosphorus-sulfur inhibitor-antiwear agent 


PUVADEESAAUUUROAUSOUUUEEEUAUAOAEEDEEEDUAOOEREEAOE DOCU UUGEAOAADTERDEEE EE TT DUEEEG AATEC 


JUNAVAEOEOAEEU ONO OORADAUADADEOEOEOUAEOATSOOUAOSOELAUAUUSTAEUEAEUEUOUESEASOEO OD AEE UTE SA EAE EEUU ENEMAS 


eee Spark-Plug 
Preignition Fouling 
Decreases 
Decreases 
Decreases 
Increases 
Increases 
No change 
Decreases 


Decreases 
Decreases 
Decreases 
Decreases 
Decreases 
Decreases 
Decreases 


OUNAAAH ANAL NAGNAETHOEDONNEEOONEHONEUNECUUGEEIOUUOONEUD OOO AOULESSOONEDORDEAONEEU ENOL SEL NOEUOROERONORDOEEUNNOTNNND 
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output two-stroke application, where 
very little carbon is available, phos- 
phorus tends to add to the amount of 
deposits, and in this way tends to in- 
sulate the combustion chamber even 
further from the cooling system. This 
raises the overall temperatures in- 
volved and, under certain critical con- 
ditions, temperatures are reached at 
the autoignition point of the fuel-air 
charge, resulting in hot-spot preigni- 
tion. In other words, the point is that 
either type of engine, two-stroke or 
four-stroke, could, under the right 
conditions, have hot-spot preignition. 
Thus it appears that the preignition 
problem discussed here can be distin- 
guished from the normal deposit-in- 
duced preignition occurring in passen- 
ger-car engines by the fact that there 
is a large difference in combustion- 
chamber temperatures involved in the 
two problems. 


Effect of Changing 
Fuel and Oil Components 


To summarize the test results, Table 
3 has been compiled to show the effect 
of changing fuel and oil components. 

With the engine and test conditions 
used for these studies, it is obvious that 
a nonleaded, nonphosphorus gasoline 
would be best for controlling preigni- 
tion rate. The best oil would also con- 
tain no phosphorus. It should have 
some metallic detergent to control 
spark-plug fouling. However, the 
amount of ash-forming material re- 
quired depends on the critical balance 
between preignition and spark-plug 
fouling. In addition, the use of a light 
distillate base stock with a halogen 
scavenger would be beneficial in re- 
ducing preignition rate. It must be re- 
membered, however, that these ideas 
must be integrated with cleanliness, 
wear, and rusting studies to finalize a 
well-balanced oil-fuel combination. 


Wi To Order Paper No.371B .. . 


from which material for this article was 
drawn, see p. 6. 
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VTOL Progress Demands 
Special Engine Design 


Based on paper by 
JOHN M. STEPHENSON 


Lycoming Division, Avco Corp. 


NGINES designed specifically for 

application to VTOL have so far 
been lacking. Because of this almost 
all have had to rely on ill-assorted 
collections of gear boxes, transmission 
shafts, clutches, and so on. The result 
has been costly, unreliable, and un- 
comfortable vehicles. 

When they arrive, power systems 
for satisfying the lift and thrust re- 
quirements of a VTOL aircraft may 
take one of the following forms: 


1. The propulsion engine 
can be used to provide di- 
rect lift. 

2. A convertible engine can 
be employed, consisting of 
a single gas producer which 
supplies either a lift or a 
thrust producer. 

3. Separate engines for 
lift and thrust can be used. 


Since the lift needed for vertical 
take-off is about five times greater 


Carburetor Throttle 
Body Deposits 
Gut Fuel Economy 


Based on paper by 


E. J. FUCHS 
Lubrizol Corp. 


ARBURETOR throttle body de- 

posits, if permitted to form to a 
critical level, cause engine malfunc- 
tioning at idling conditions. They 
also cause poor fuel economy. Yet 
75% of the cars inspected in one area 
a few years ago suffered to some ex- 
tent from these deposits. Detergent 
additives in gasolines are being widely 
used to combat this problem. 

These deposits form from a me- 
chanical separation of foreign material 
from the air which enters the carbure- 


than the static propulsive thrust, pro- 
pulsive engines are not easy to adapt 
for lift. Even though the specific fuel 
consumption at high thrust does not 
have to be low, thrust boosts of the 
required magnitude are hard to 
achieve. Also, once the aircraft is 
airborne and the engine throttled back 
to a fraction of full power, the sfc 
must be as low as possible. Piston 
engines happen to have the right kind 
of consumption curve, but they are too 
heavy for most powered lift applica- 
tions. Conventional gas turbines are 
lighter, but much less efficient at low 
power levels. 

One way to hold down fuel con- 
sumption is to use two turbine engines 
in parallel, and switch one off for 
cruise. It is also possible to build a 
gas turbine engine in which the sfc 
is independent of power setting, by 
heating the compressed air with the 
exhaust. The added weight and com- 
plexity, however, offset the attraction 
of having a constant sfc. 

The convertible engine idea does 
away with the weight and bulk of 
having two gas producers, as would 
exist if separate engines were used. 


tor. The separation occurs when the 
throttle plate is in idle position. 

The critical region of deposit forma- 
tion, as shown in Fig. 1, is on the 
throttle body walls, opposite the edge 
of the throttle plate. 

Buildup of the deposit ridge neces- 
sitates frequent throttle-plate and idle- 
mixture screw adjustments ... and 
ultimately removal of the carburetor 
for cleaning is required. This type of 
deposit is especially critical in multi- 
barrel carburetors, where the throttle- 
plate-to-wall clearance is much 
smaller than in a single-barrel car- 
buretor. 

The main contributor to throttle 
body deposits is blowby gas — with 
lesser amounts contributed by ex- 
haust gas, dust, and dirt (according 
to H. W. Sigworth and J. Q. Payne). 

Congested traffic areas are particu- 
larly instrumental in producing these 
deposits, since the stop-and-go traffic 
pattern gives ample opportunity for 
crankcase fumes as well as exhaust 
gases from other vehicles to collect 
under the hood and be drawn into the 
carburetor. 

The gummy constituents found in 


In addition, the gas producer operates 
at a high power setting during both 
modes of operation, lift or thrust. It 
is especially attractive today in the 
absence of specially designed lift en- 
gines. Existing propulsion engines can 
be augmented by lower speed, larger 
diameter air actuators, to yield high 
thrust when required, without exces- 
sive fuel consumption. The great 
drawback to the convertible engine is 
the requirement for heavy and com- 
plex transmissions for transferring 
power smoothly between the lift and 
thrust producers. This, in effect, 
cancels the weight savings made in 
the elimination of the additional gas 
producer. 

Most likely to succeed is the sepa- 
rate engine scheme. Here, lightweight 
turbojet engines can be utilized for 
lift, without incurring the weight and 
drag penalties associated with large 
diameter fans or lifting propellers. 
The sfc of the lift engine need not be 
kept at a minimum. It is far more 
valuable to design the engine so that 
it can be started, run up to full thrust, 
and then shut down again in a very 
short time. A preliminary design for 
a small lifting jet engine to produce 
a thrust around 2000 lb has been esti- 
mated to have a bare weight of 150 lb. 
It is thought that such engines could be 
built in quantity for less than $5 per 
Ib of thrust, by utilizing a very light 
simple construction. Present-day jet 
propulsion engines cost in the range 
of $15-$20 per lb of thrust. 


MB To Order Paper No. 337B ... 
from which material for this article was 
drawn, see p. 6. 


DEPOSIT 
FORMATION 


Fig. 1 — Throttle body deposits. 





blowby gases, rather than gasoline 
gums, serve as a binder to hold the 
foreign particulate matter together in 
the throttle body, because at idle 
position no gasoline passes the edge 
of the throttle plate. 


W@ To Order Paper No. 379D .. . 
from which material for this article was 
drawn, see p. 6. 
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SAE Is Making New Attack 
On Energy Conversion Problems 


Practical, ‘““earthbound” approach characterizes 
Unconventional Powerplants Subcommittee plans 
for fresh studies of problem fundamentals. 


ED BY University of Wisconsin's 

Professor Philip S. Myers, SAE is on 
its way to updating members on the 
whole energy conversion area — which 
is so fundamental to future power- 
plant progress. The Energy Conversion 
session scheduled for the 1962 SAE 
Automotive Engineering Congress in 
Detroit next January is the most im- 
mediate indication of SAE progress 
in this area. 

This 1962 SAE Annual Meeting ses- 
sion will attack the problems differ- 
ently than have any previous SAE pres- 
entations. The January session will be 
“earthbound.” It will relate energy 
conversion fundamentals to problems 
likely to be faced by a majority of 
powerplant engineers in the next dec- 
ade or two. It will evaluate energy 
converters realistically. 

Important in setting the base for the 
entire session will be a University of 
Wisconsin evaulation based on studies 
started early in 1960 —and only now 
coming to conclusive fruition. This 
paper will review basic thermodynamic 
limitations of all types of energy con- 
version devices ... and will include 
also comparisons of such things as 
efficiency, weight, and bulk. It will 
be made available before the January 
presentation to a wide group of engi- 


neers and researchers directly con- 
cerned with their own energy conver- 
sion studies. And time will be allotted 
at the session itself for these “experts” 
to debate the Wisconsin conclusions. 

Another paper scheduled for this 
January session is one company’s 
evaluation of the practical and ther- 
modynamic limitations which apply to 
various fuel cells. 

Indications are that an economically 
attractive fuel cell system will be 
found to require: 


e Ability to utilize hydrocarbon fuel 
and air; 


e Incorporation of fuel catalysts 
more active than any now known; 


e Ability to operate close to atmos- 
pheric temperatures and pressures. 


The January program will also con- 
tain some late reports on Navy studies 
on thermo electric equipment. 

Responsible for this particular 
session is the recently organized Un- 
conventional Powerplants Subcom- 
mittee of the SAE Powerplant Activity 
Committee — which Professor Myers 
chairmans. Working with him at this 
time is R. W. McJones of Cummins 
Engine Co. Other Subcommittee 
members are currently being selected. 


Workshop to Focus 
In Experimental, 
Test Areas 


DAY-LONG “Experimental Engi- 

neers’ Workshop” at the 1962 SAE 
Automotive Engineering Congress in 
Detroit next January will focus atten- 
tion more sharply on current automo- 
tive test, research, and development 
activity than at any previous time in 
SAE history. Some discussion of these 
phases of engineering has been a part 
of almost every SAE national meeting. 
But never before have current develop- 
ments been so fully canvased in selec- 
tion of material to be presented. Nor 
have previous discussions had as great 
a combination of breath and depth. 

Nine papers already are scheduled 
for the workshop, with engineers from 
Dana, Buick, Chevrolet, Ford, Chrysler, 
American Motors, and Saginaw Steer- 
ing Gear named to present the data. 
Cycle testing, vibration testing, and 
brake testing are among the topics to 
be discussed. Material will be pre- 
sented also on a new averaging engine 
pressure indicator, a pure sheet test 
for adhesive bond, photo stress analysis 
of automotive structures, testing high- 
pressure, high-temperature power 
steering hoses, and new tools and tech- 
niques for acceleration and fuel meas- 
urements. 

This unique session will be chair- 
maned by N. E. Farley. Its secretary 
will be Victor Hopeman. It was de- 
veloped by the Testing, Research, and 
Development Subcommittee of the 
Passenger Car Activity Committee. 


SAE MEETINGS Plans Already Reach to 1965 


EYOND the 

year-ahead cal- 
endar of SAE na- 
tional meetings 
which appears 
each month in 
SAE Journal (see 
p. 117 of this 
issue), EAB’s Na- 
tional Meetings 
Planning Commit- 
tee already has 
somewhat more 
than tentative 
plans reaching as 
far ahead as 1965. 
A recently-issued set of national meet- 
ings schedules, for example, include 
fixed schedules for 1961 and 1962; 
“proposed” schedules for 1963, 1964, 
and 1965. 

Such advance planning is desirable 


Stephen J. Tompkins, 

chairman, EAB Na- 

tional Meetings Plan- 
ning Committee 
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for many reasons; necessary if EAB 
is to insure adequate hotel and meet- 
ings accommodations. 

The already-fixed 1962 list of SAE 
national meetings looks very much like 
the 1961 list — except for one impor- 
tant change: 


In the Fall of 1962 (October 
29— November 2), there 
will be held at the Bellevue 
Stratford Hotel in Phila- 
delphia “COMBINED NA- 
TIONAL FUELS & LUB- 
RICANTS, POWERPLANT, 
AND TRANSPORATION 
MEETINGS.” 


This will be Philadelphia’s first SAE 
national gathering since the Golden 
Anniversary Fuels & Lubricants Meet- 


ing in 1955. 

The 1962 list — like that for 1961 — 
shows meetings to be held in eight 
cities. In 1963, however, the proposed 
schedule lists 10 cities; in 1964, eight; 
and in 1965, nine. (The difference in 
totals is due chiefly to combinations 
or lack of combination of certain of 
the special-interest meetings.) 


Summer Meetings 


Following a decision which had to 
be made three years ago to insure hotel 
accommodations, the SAE Summer 
Meeting returns to Chalfonte-Haddon 
Hall in Atlantic City for 1962. Sites 
for further-in-the-future Summer 
Meetings are: 1963 — Queen Elizabeth 
Hotel MONTREAL; 1964 — Edgewater 
Beach Hotel, CHICAGO; 1965—Shera- 
ton Park Hotel, WASHINGTON, DC. 
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. . . Tire Subcommittee 
considers tire book 
potentials. 


HE TIRE SUBCOMMITTEE of 

SAE’s Passenger Car Activity Com- 
mittee is giving serious consideration 
to developing and requesting publica- 
tion of a special SAE publication on 
tires, according to Subcommittee 
Chairman R. J. Piersol. 

The 2-ply tires which will be original 
equipment on many 1962 models pro- 
vide just one of the tire areas in which 
the committee sees opportunity for 
fruitful current exchange of technical 
data among automotive engineers. (A 
session is scheduled at the 1962 SAE 
Automotive Engineering Congress in 
Detroit next January to explore the 
relative performance of 2-ply and 4- 
ply tires.) 

Of current Subcommittee interest 
also are new studies by non-commercial 
as well as by commercial researchers 
of frictional behavior of the rolling, 
slipping, and sliding tire. Basic re- 
search results from important tire 
companies are also being examined as 
possible chapters in the proposed book 
and/or as papers at future SAE na- 
tional meeting sessions. 


New Meetings 
“Guideposts” Detail 


Chairman Functions 


HE GENERAL CHAIRMAN of an 

SAE national meeting has seven 
specific functions in addition to being 
liaison between the SAE Engineering 
Activity Board and his General Com- 
mittee, the Host Section, and the SAE 
Staff. These seven functions, as de- 
tailed in EAB’s recently issued “Guide- 
posts for Organizing SAE National 
Meetings,” are: 


e Coordinates technical 
with other meeting events. 


program 


e Responsible for securing speaker 
and toastmaster for luncheon pro- 
grams. 


special 
and 


e Decides on holding of 
events, such as inspection trips; 
arranges them if they are held. 


e Appoints an SAE member to han- 
dle local publicity in connection with 
the meeting. 


e Coordinates Host Section partici- 
pation with that of other groups. 


e Delegates certain specific responsi- 
bilities to Host Section ‘such as 
attendance promotion, reception com- 
mittee, membership promotion, ticket 
sales for dinners, luncheon, or special 
events, etc.) 


e Personally welcomes members and 
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guests at first session or during dinner 
or luncheon. 


These “Guideposts” first were dis- 
tributed to General Chairmen and 
others directly concerned with han- 
dling of national meetings, but copies 
are available without charge to any 
interested SAE member .. . on request 
to EAB Secretary, W. I. Marble at 
SAE Headquarters in New York. The 
“Guideposts” include also a detailing 
of Host Section and SAE Staff re- 
sponsibilities in connection with na- 
tional meetings . . . and notes that 
the EAB “is responsible for all national 
meetings of the Society” and that the 
General Chairman of each meeting is 
appointed by EAB. 


SAE Material Specs 
Help NATO 


Subagency 


AE AERONAUTIC MATERIAL 
SPECIFICATIONS and other SAE 
materials specifications are among 
those assembled for use by NATO 
countries, SAE Journal learned re- 
cently. Many SAE specs are included 
in the ‘“‘Materials Properties Handbook” 
which is developed and published for 
NATO’s Advisory Group for Aero Re- 
search and Development by the Royal 
Aeronautical Society of Great Britain. 
In performing this function for 
AGARD, the RAS picks up and cor- 
relates aeronautic materials specifica- 


Wright Brothers Meda 


F. B. 
Greatrex 


ERDINAND BASIL GREATREX has 

been awarded SAE’s 1960 Wright 
Brothers Medal for his paper, “By- 
Pass Engine Noise,” presented at the 
SAE National Aeronautic Meeting in 
New York in April, 1960. 

In this paper, Greatrex concludes 
in part that “the jet noise of the by- 
pass engine, of by-pass ratio around 1, 
designed for efficient mixing of by-pass 
gas and hot gas streams before being 
discharged to atmosphere, will be some 
4 db quieter than if the two streams 
are discharged separately.” 

Greatrex is assistant chief engineer 


Commenting on SAE’s Pan American Day tech- 
nical program, Alaric Paris, assistant director, 
Mercedes-Benz of Brasil, outlined the extreme 
problems of quality control facing the 11 auto- 
motive manufacturers in Brazil. Mr. Paris stopped 
in at SAE Headquarters during his recent busi- 
ness trip to the U. S. He is the chairman of 
the Technical Committee of the Brazilian auto- 
motive trade association, Sindicato da Industria 
de Caminhoes Tratores Caminhoes E Veicalos 
Similares. 


t 


tions from all countries and companies 
in the NATO organization. 
Distribution center for this NATO- 
AGARD Materials Properties Hand- 
book in the United States is the 
National Aeronautic and Space Ad- 
ministration office in Washington, D.C. 
Handbooks have already been com- 
pleted on aluminum and steel. An- 
other, soon to be finished, includes 
titanium, magnesium, and nickel alloys. 


| to Greatrex . 


of Rolls Royce, Ltd., and started his 
work on jet noise problems in 1951 and 
early 1952. Since that time he has 
made important contributions to the 
technical literature on this subject, in- 
cluding papers read before the Royal 
Aeronautical Society, the 1955 Anglo- 
American Conference in Los Angeles, 
the American Society of Mechanical 
Engineers and others. 

In 1957, Greatrex was awarded the 
Royal Aeronautical Society’s Bronze 
medal for “work on the reduction of 
noise from aero engines.” 

He is a graduate of Haileybury Col- 
lege and Cambridge University (Caius 
College), and spent three months at 
Heidelberg University, learning Ger- 
man. 

Greatrex joined Rolls Royce in 1938 
as aerodynamicist at Hucknall Air- 
drome. He became manager at Huck- 
nall in 1956, and thus directly 
concerned with flight testing. He came 
to his present position as assistant 
chief engineer (staff engineering) at 
Derby in 1961. 
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National West Coast Meeting 


Engineers predict 750 hp trucks by 1975 


at SAE National West Coast Meeting 


IGHER HORSEPOWER is on the 

way for truck engines according to 
engineers at SAE’s National West Coast 
Meeting. This trend portends a power- 
ful effect on all of tomorrow’s truck de- 
sign. Specific forecasts include: 


1. Horsepower of 750 or more for 
sure by 1975. 


2. Equipment up to 108-in. wide. 


3. Trailers 27 ft long in trains of 
three and 40 ft trailers in combinations 
of two commonly used. 


4. Speeds of 65 mph common by 
1975. 


5. Diesel remaining most practical 
truck engine for many years to come. 


The desire for increased speeds has 
been leading to higher and higher 
horsepower. In 1940, trucks ran 470 
ton-miles per person. By 1960, the 
figure reached 1553 ton-miles per 
person. In 1980, the run is expected to 
be 2826 ton-miles per person — which 
means more speed —and still higher 
horsepower. 

Some engineers, however, oppose 
this trend to higher horsepower on the 
basis that better brakes and retarders 
as well as increased maintenance will 
be needed. This, they fear, will lead 
to increased operating costs. 

As a compromise, one engineer sug- 
gested the use of an auxiliary engine 
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which cuts in and out as more or less 
power is needed. 

Brake experts feel they can come up 
with the brakes needed to meet higher 
horsepower requirements. They cite 
an improved plumbing system as one 
way to improve braking power. A 
98-ft, 130,880 lb truck-trailer combina- 
tion traveling at 40 mph took 1584 ft 
to come to a halt in a panic stop. After 
replumbing (changing valves, elbows, 
hose, and tubing), this vehicle was 
able to stop in 124 ft when operating 
under the same conditions. 

With the advent of three, four, and 
five-trailer combinations, electro-mag- 
netic braking systems probably will 
come into being. After all, air will only 
move so fast. Three-trailer trains, 
125 ft long and weighing 160,000 Ib, 
with speeds up to 100 mph already are 
being predicted. 

Axle designers have a reserve of gear 
box housing designs which they feel 
can easily keep pace with any further 
moves to higher horsepower. Many 
engineers, however, voiced the need for 
a common axle-transmission lubricant. 

A new retarder design turns a diesel 
engine into a compressor which will 
absorb approximately 70% of the 
horsepower. With this retarder, the 
engine temperature will not vary uphill 
or down, as the radiator is absorbing 
the downhill energy. Brakes are said 
to last two-to-five times as long be- 
cause long-drag applications are elimi- 
nated. 

Meeting Events 


A luncheon, dinner-dance, and two 


tours were held in conjunction with the 
SAE National West Coast Meeting. 


Guest speaker at the luncheon was 
Dr. J. Whitcomb Brougher, noted lec- 
turer and humorist. 


SAE President A. A. Kucher pre- 
sented an inspirational talk “Refliec- 
tions and Projections” at the dinner- 
dance. Toastmaster at this function 
was Z. C. R. Hansen, president, Dia- 
mond-T Motor Truck Co. Kucher 
brought along a display model of 
Ford’s Levacar which aroused much 
interest among the dinner-dance par- 
ticipants. 

Tours to the Bonneville Power Ad- 
ministration Dispatching Center and 
along the Columbia River including 
Mt. Hood were well attended by SAE'’rs. 
The Bonneville Center, one of the larg- 
est of its kind in the world, is respon- 
sible for transmission and distribution 
of power produced at 13 Federal dams 
in the Northwest area. Members wit- 
nessed the Northwest Power Pool In- 
terchange Master Control System in 
operation. 

The Columbia River—Mt. Hood 
Tour was a scenic trip along the famous 
Columbia River, past innumerable 
waterfalls, including the beautiful 
Multnomah Falls— Bonneville Dam 
and Powerhouse fish ladder, where 
fish not only climb over the dam to 
higher water, but are counted and 
classified — and through the beautiful 
Hood River Valley to Government 
Camp on the south side of Mt. Hood 
where a real western “cook-out” buffet 
luncheon was waiting. 
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FIELD TRIPPERS to Bonneville Center had computer operation described 
to them 
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SAE PRESIDENT A. A. Kucher (right) presents plaque for out- 
standing service to C. A. Dillinger. Dillinger was head man in set- 


ting up SAE National West Coast Meeting 


SECTIONS’ OFFICERS luncheon meeting 
was held during SAE National West Coast 
Meeting. 


Committee chairmen for the SAE 
National West Coast Meeting were: 
C. A. Dillinger, general chairman; F. 
D. Fulton, program chairman; E. E. 
Werlein, arrangements; E. M. Kruger, 
house; P. T. King, registration and re- 
ception; R. B. Gaulke, banquet; A. W. 
Andersen, finance; T. C. Ammons, pub- 
licity; H. C. Jacobsen, field editor; J. 
S. Poulson, transportation, and Mrs. 
C. A. Dillinger, ladies activities. . 
West Coast Meeting was sponsored i 
by the SAE Fuels and Lubricants, 7 
Powerplant, Transportation and Main- 
tenance, and Truck and Bus Activities, 
with the cooperation of the SAE British 
Columbia, Northern California, North- 
west, Oregon, San Diego, Southern 
California, and Spokane-Intermoun- 
tain Sections, and the Salt Lake City 
Group. 


GUEST SPEAKER at Meeting Luncheon was Dr. J. Whitcomb Brougher, noted 
lecturer and humorist. Mel Gordon, past chairman of SAE Oregon Section and 
SAE President A. A. Kucher are seated to the right of the speaker 


Sidelights at the 

National West Coast Meeting 
ART DILLINGER’s right hand 
was bitten by a large Oregon 
chipmunk, so that a tetanus 
shot was necessary. It hap- 
pened in Lloyd Park adjacent 


ATTENDING THE DINNER- 
DANCE were: (left-to- 


to the Sheraton-Portland Hotel. 
Talk about the Wild West! 


BILL NOSTRAND (Winslow 
Engineering) has perfected a 
new way to get attention at a 
technical session merely 
shove the podium, water pitcher, 
and glass on the floor. It’s 
guaranteed to get results. 
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right) Z. C. R. Hansen, W 
G. Nostrand, Gilbert Way, 
and C. A. Dillinger. Hansen 
was toastmaster at the Din- 
ner-Dance. Nostrand pre- 
sented a technical paper at 
the Meeting. Way was chair- 
man of one of the technical 
sessions. Dillinger was gen- 
eral chairman of the Meet- 
ing. 
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ROBERT SWAN, Resistoflex sales engi- 
neer from Anaheim, California, takes a 
deep statistical interest in the opera- 
tional results of his 1958 Mercedes-Benz 
180D diesel passenger car. He shared his 
interest and these results with fellow SAE 
members, when he was coffee speaker at 
a NORTHERN CALIFORNIA SECTION 
meeting recently. 

The 177-in. long car has a 107.8 cu in. 
displacement engine, which produce 1 hp 
per 57.5 lb of curb weight — which makes 
it underpowered by American standards, 
but it is long on economy, as some of the 
following figures show. 

In 38 months Swan drove the car 100,- 
000 miles. (Based on measurements 
taken regularly with a micrometer, he 
estimates he'll have to have the rear 
brakes relined at 105,000 miles, the front 
brakes at about 125,000 miles. So far, 
he’s just had them cleaned and adjusted 
every 20,000 miles — but they do tend to 
chatter.) 

Among the 100,000-mile operating sta- 
tistics he revealed in his talk were the 
following: 

Fuel cost per month was $22.73 for 2631 
miles of driving per month. He got 32.4 
mpg. His total operating costs for the 
100,000 miles — including some $370 for 
various state and federal taxes — were 
$1466 ...or 1.5¢ per mile. In addition, he 
spent $177 for “preventive maintenance 
replacements” (like motor mounts, gen- 
erator brushes, fan and generator belts, 
and gaskets), but his actual repair bill 
totaled only $75. (The two biggest items 
were $20.20, including labor, for an R&R 
crankshaft pulley and $15, including la- 
bor, for an R&R thermostat. ... The 
thermostat was replaced at 62,000 miles.) 

All of which, Swan adds up to $1750 
(including 2% allowance for miscellane- 
ous costs) .. . or 1.8¢ per mile for his first 
100,000 of operation. For 11 years, he 
told his audience, he has used the same 
kind of book for recording purchases and 
expenditures when they are made, and he 
feels his records are accurate to within 
1-2%. (He kept similar records on his 
1956 Chevrolet.) 


NORTHERN CALIFORNIA SECTION is 
gathering some not-usually-available in- 
formation about its individual members. 
The Section’s hope: To serve individual 
SAE members better by providing inter- 
esting programs of more value to individ- 
uals in their own jobs and professions. 

Nine of the 30 “questions” are aimed at 
getting an attendance pattern from the 
individual, by asking him to check which 
of last year’s Section meetings he at- 
tended. (The meetings, speakers, and 
topics are listed.) 

If the returns are numerous, as Section 
officers hope, Northern California will be 
able to study member needs in terms of 
age groups, Section activity-or-non-activ- 
ity groups, industrial interests .. . and will 
have also a reasonably good picture of 
why people stay away from meetings as 
well as why they come. 
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Rambling through 


RAMBLING THROUGH GOVERNING BOARD MINUTES 


reveals that: 


Publicity chairman Dick Thorman of the SOUTHERN CALIFORNIA 
SECTION plans to send biography news stories about each of the Sec- 
tion’s Governing Board members to local area newspapers. ... MID- 
CONTINENT SECTION this year is asking its Activity Vice-Chairmen 
(each of whom is responsible for a meeting during the year) to get firm 
commitments from invited speakers 90 days before the meeting date... . 
TEXAS SECTION expects to have at least two meetings in Fort Worth 
during the 1961-62 Section year—and one in the Oak Cliff area of 
Dallas. The other meetings will be held in convenient places depending 
on the meeting subject. . . . A special invitation will go to all plant 
managers and company presidents in the WESTERN MICHIGAN SEC- 
TION to attend the Section’s October meeting — which is being planned 
as SAE President’s night... . 


SAE STUDENT ENROLLMENT is greater in Detroit Section colleges 
this year than in the colleges in any other Section territory. Last year 
totals were greater in Southern California Section institutions. Of the 
3,645 SAE Enrolled Students in 118 SAE-approved colleges and uni- 
versities, 465 were in the seven institutions located in Detroit Section 
area; 377 in those in Southern California Section area. 

While SAE Student Enrollment is less for the October-July 1960-61 
period than for the previous 12 mo — as was student enrollment in most 
engineering societies — SAE gains have been recorded in about 35% of 
the individual schools. In the 16 colleges outside of any Section territory, 
gains in SAE Student Enrollment have been recorded in 10 (62%). 

Section territories in which the SAE Enrolled Student totals have gone 
up this year are: Milwaukee; St. Louis; Metropolitan; Pittsburgh; Texas; 
British Columbia; Cincinnati; Williamsport; Atlanta; Oregon; Southern 
New England; Syracuse; New England; Twin City; Alberta; and Wash- 
ington. 

Definite gains in SAE Student Enrollment have been made in 42 
individual colleges and universities. Among the institutions where the 
number of SAE Enrolled Students is greater in 1961 than in 1960 are: 
University of Detroit; University of Toledo; California State Polytechnic 
College (Kellogg-Voorhis Campus); Marquette University; University 
of Wisconsin; Parks College of Aeronautical Technology; Academy of 
Aeronautics; The City College (NY); Manhattan College; Brooklyn 
Polytechnic Institute; Fenn College; Royal Military College (Ontario) ; 
Seattle University; San Jose State College; Villanova University; Arling- 
ton State College (Texas); University of British Columbia; University 
of Cincinnati; University of Kentucky; Pennsylvania State University; 
Georgia Institute of Technology; Oregon State University of Massa- 
chusetts; Hillyer College, University of Hartford; Cornell University; 
Worcester Polytechnic Institute; Massachusetts Institute of Technology; 
South Dakota State College; University of Alberta; University of Roch- 
ester; George Washington University; University of Saskatchewan; 
Michigan College of M&T; University of Manitoba; Clemson College; 
University of Arizona; University of Florida; Tulaiue University; College 
of Engineering (Guindy, India); University of New Mexico; North 
Carolina State College. (Included in these “gains” are a few institutions 
where SAE Enrolled Students appear in 1961 for the first time.) 
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the Sections 


A DIAGRAM OF FLIGHT PATTERNS serving the Hawaiian Islands was one of the fa- 
cilities Hawaiian Section members saw in action when they visited the Federal Aviation 
Agency's new $4,000,000 Honolulu Route Traffic Control Center and International 
Flight Service Station late in July. 


HAWAII SECTION’s automotive engineers were briefed in related engi- 
neering technologies when they visited the Honolulu Air Route Traffic 
Control Center and International Flight Service Station late in July. 

Located at Diamond Head Crater, the new Federal Aviation Agency- 
controlled Center and Flight Service Station is fireproof, blast-resistant, 
and completely air-conditioned. A standby power system, capable of 
carrying the electronic load of the entire building is located in a separate 
structure in the rear. More than $4,000,000 are invested in the facility, 
which requires 34 skilled technicians for day-to-day maintenance. Some 
160 air traffic control specialists staff the facility 24 hr per day, 365 days 
each year . . . to carry out the prime objective of the facility: air traffic 
control. 

The Honolulu Flight Information Region served by the facility covers 
about 5,300,000 sq mi. In addition the Center has a network of more 
than 2,500 miles of airways linking the Hawaiian Island Chain. The 
Honolulu IFSS is the communications center of the Pacific. Its Plan 
59-A switching system — first to be installed in the nation — gives direct 
contact with stations halfway round the world. 

From FAA Watch Supervisor A. Burton, the 35 Hawaiian Section 
members heard a description of the technical phases of the facility’s 
operation while they actually watched the operations taking place. 
From Burton they learned also that the FAA employs four kinds of 
engineers: electronic, civil and structural, electrical, and mechanical. 

The mechanical engineers, Burton said, design and specify the types 
of gasoline and diesel powerplants to be used for standby generation, 
and deal with problems of heating, ventilating, and air conditioning. 
Also, they develop or modify special equipment used in air traffic control. 
The mechanical engineers, he said, are faced with many challenging 
problems in performance analysis of powerplants and attendant con- 
trols, such as fire detection, fuel supply and fuel metering or purging 
systems. 
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From: 

Edward Adams Richardson 

31 East Church St. 

Bethlehem, Pa. 

Dear Editor: 

Dr. P. H. Schweitzer’s letter (p. 110, 
May, 1961) discussing the 1961 SAE 
Annual Meeting paper by Dr. J. S. 
Meurer deserves comment. It might 
interest SAE Journal readers to know 
that, back in 1922, several papers on 
detonation, including one by the late 
Dr. Thomas Midgley, Jr., were in 
serious conflict. 

About that time I set up a theory of 
gaseous combustion that seemed plaus- 
ible, then proceeded to show that every 
observation of each of the three or four 
papers could be fully accommodated. 
The resulting 70-page, double-spaced, 
typed paper was offered to the SAE 
about 1924, but it was not published. 

I proceeded to set up the criteria for 
engine operation without detonation 
and developed a process for fuel prep- 
aration that was the basis for U.S. 
Patent No. 1,876,168, “Method of Pre- 
paring Fuels,” issued in 1932. 

In June 1932 I presented a paper, 
“Heating Fuels for Injection Engines,” 
at the Oil Power Conference, held at 
Penn State (Pennsylvania State Col- 
lege, School of Engineering Bulletin, 
No. 16, April 1933). The paper gave a 
brief outline of the theory of combus- 
tion, then laid down the requirements 
for combustion without detonation. I 
said, “If we prevent mixtures of ex- 
plosive character from developing be- 
fore ignition, we can prevent the rise 
of detonation waves.” 

The patented method was also de- 
scribed. The fuel was placed under 
pressure in excess of the critical pres- 
sure of its vapor, then heated to a 
temperature in excess of the critical 
temperature thereof or, if it should be 
higher, above the self-ignition tem- 
perature thereof, then injected and 
burned. Such a fuel is a “permanent” 
gas. It is preatomized to molecules, 
is hot enough to ignite as fast as it 
mixes with air, has enough energy to 
promote vigorous mixing of fuel and 
air, hence, it can be used in rich or 
lean mixtures. Also, it can produce 
smoke with the greatest difficulty, since 
little droplet formation can occur and 
that only to aggregates of a hundred 
molecules or less — particles too small 


ontinued on next page 
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to be visible as “smoke.” With such a 
process, an engine can be built to use 
any fuel, irrespective of the octane or 
cetane rating thereof, without detona- 
tion. 

It was further shown that the fuel 
could be heated at the required tem- 
peratures without cracking. The im- 
portance of the methods for military 
purposes were noted. 

I had noted the possibility of in- 
jecting the fuel near a spark plug, but 
considered the method unpromising. 
Such a method, favored by Texas Co., 
is alleged to have been developed after 
some twenty years of study. One of 
the research workers was present at 
Penn State the year following the Con- 
ference, so he must have known about 
my paper. 

The National Advisory Committee 
for Aeronautics tried heating fuels 
before injection. In Technical Note, 
No. 565, 1936, “Influence of Fuel-Oil 
Temperature on Combustion in a Pre- 
chamber Compression-Ignition Engine” 
(which was based on my paper of 
1932), the fuel process of that paper 
was approximated as the temperature 
of the fuel was raised. Only 4% ex- 
cess air was used. At times the exhaust 
was clear. Detonation was reduced. 
The polish of the cylinder head of the 
engine was barely fogged by the prod- 
ucts of combustion, instead of being 
carbonized. The thermal efficiency 
was increased by enough to cover the 
heat added in the fuel. Unfortunately, 
the NACA engineers tried to inject and 
control the hot fuel, using a coil heater 
scarcely adapted to the temperatures 
and pressures employed, so they had a 
very complicated and unsatisfactory 
fuel system. The heater exploded after 
some fifty hours. 

About 1940 a Seminar or Conference 
was held at Penn State, at which I 
presented another paper, which showed 
how the fuel system might be controlled 
and operated in a relatively simple and 
satisfactory manner. 

During World War II the need for 
better engines forced a program of 
high-octane gasoline plant building — 
but such a program was working in the 
wrong direction. Instead of being able 
to use any fuel, the Services went to 
the most costly single fuel. 

My papers may prove helpful to Dr. 
Schweitzer in understanding the prob- 
lems he discussed in his letter, par- 
ticularly if he investigated the 
temperature of the surface over which 
the fuel was spraying to learn why 
carbonization did not occur. 

This letter is written because there 
is so much in the past that could be 
useful in many places in the present — 
and it seems well to note specific ex- 
amples. 
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ALBERTA 


October 16 William McDowell 
Smyrl, sales promotion. J. I. Case, Co. 
“Terranamatic Transmission.” Meet- 
ing place: Calgary Shopping Center, 
Park Lane, Calgary, Alberta, Can. 
Dinner 7:00; meeting 8:00 p.m. 


ATLANTA 


October 2... Field Trip — Tour of new 
air terminal and airport facilities. In- 
cluding Delta Air Lines, Eastern Air 
Lines, and FAA communications cen- 
ter. Meeting place: Georgian Room, 
Atlanta Municipal Air Terminal, Hape- 
ville, Ga. Social Hour 6:30; dinner 
7:00; meeting 8:00 p.m. 


BALTIMORE 


October 19 .. . John Roper, John Roper 
Co. “Roper Rat Trap’”— System of 
eliminating atmospheric discharge of 
oil vapors. Meeting place: Engineers 
Club, 7 West Mt. Vernon Place, Balti- 
more, Md. Dinner 7:00; meeting 8:00 
p.m. 


BUFFALO 


October 3 .. . Plant Tour — Bethlehem 
Steel Corp., Lackawanna, N. Y. Din- 
ner 7:00; meeting 8:00 p.m. 


CENTRAL ILLINOIS 


October 23 ... “Fuel Cells.” Speaker 
from Allis-Chalmers Mfg.Co. Meeting 
place: Elks Club, Springfield. Dinner 
6:30; meeting 8:00 p.m. 


FT. WAYNE SECTION 


October 11 ...E. A. Ball, gear analysis 
engineer, National Broach & Machin- 
ery Co. “Quality Gear Control.” 
Meeting place: Hobby Ranch House, 
3204 N. Anthony Blvd., Ft. Wayne, Ind. 
Dinner 6:30; meeting 8:00 p.m. 


INDIANA 


October 19 . Brig.-Gen. Paul T. 
Preuss, military advisor, Federal Avia- 
tion Agency, USAF, Washington, D. C. 
“Supersonic Transport.” Meeting 
place: Continental Hotel, 410 N. Meri- 
dian, Indianapolis, Ind. Dinner 7:00; 
meeting 8:00 p.m. 


SAE Section 


METROPOLITAN 


October 5 ...M. A. Remondino, re- 
search representative, Detroit Labora- 
tories, Ethyl Corp., Ferndale, Detroit. 
“Diagnosing Some Fuel System Ail- 
ments — Causes and Cures.” Meeting 
place: Brass Rail Restaurant, Fifth 
Ave., between 43rd & 44th Sts., Man- 
hattan. Social hour 5:30; dinner 6:30; 
meeting 7:45 p.m. 


October 12... J. R. Hull, assistant 
chief engineer, Bearings Division, Tor- 
rington Co., Torrington, Conn. “Need 
Help Choosing Bearings?” Meeting 
place: Roger Smith Hotel, Lexington 
Ave. & 47th St., Manhattan. Luncheon 
12:00 noon. 


October 18 ... C. R. Englebry, director 
of engineering, Lockheed Aircraft In- 
ternational, Inc., Los Angeles. “The 
Nihon-Lockheed Monorail.” Meeting 
place: Henry Hudson Hotel, 57th St. & 
Ninth Ave., Manhattan. Meeting 7:45 
p.m. 


November 2. . . Representatives from 
Mack Trucks, Inc.; International Har- 
vester Co.; and White Motor Co. 
“Guaranteed Maintenance.” Brass 
Rail Restaurant, Fifth Ave., between 
43rd & 44th Sts., Manhattan. Social 
hour 5:30; dinner 6:30; meeting 7:45 
p.m. 


November 9 . . . Representative from 
Republic Aviation Corp., Farmingdale, 
N. Y. “Plasma Engines.” Meeting 
place: Republic Aviation Corp., Farm- 
ingdale, N. Y. Sponsored cocktail 
hour; dinner 6:30; meeting 7:45 p.m. 


MID-MICHIGAN 


October 23 . . . Joseph Bidwell, general 
manager, research. “Electronic High- 
ways.” Meeting place: Oldsmobile 
Auditorium, Lansing, Mich. Coffee 
Speaker: Lt. Lester Coykendahl, Mich. 
State Police. Dinner 6:30; meeting 
8:00 p.m. 


MONTREAL 


October 23 . . . Sheraton Mount Royal 
Hotel, Burnside & Peel, Montreal, Can- 
ada. Dinner 7:00; meeting 8:00 p.m. 
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PHILADELPHIA 


October 11 . . . Engineers Club, 1317 
Spruce St., Philadelphia, Pa. Dinner 
6:30; meeting 8:00 p.m. 


PITTSBURGH 


October 24 . . . Robert C. Downie, chair- 
man and executive director, Port Au- 
thority of Allegheny County. “Mass 
Transportation for Allegheny County.” 
Meeting place for dinner; Webster Hall 
Hotel, 6:30; meeting: Mellon Institute, 
Pittsburgh, Pa., 8:00 p.m. 


ROCKFORD-BELOIT 


October 2 .. . Robert G. Pruett, senior 
operations analyst, McDonnell Aircraft 
Corp. “Effects of Nuclear Weapons on 
Aircraft.” Meeting place: Wagon 
Wheel, Rockton, Ill. Social hour 6:00; 
dinner 6:45; meeting 8:00 p.m. 


SOUTH TEXAS GROUP 


October 23 ... Dr. Norman H. Abram- 
son, director of Department of Applied 
Sciences, Southwest Research. “Hy- 
drofoils.” Meeting place: Petroleum 
Center Club, 900 N.E. Military Dr., San 
Antonio, Texas. Dinner 7:00; meeting 
8:00 p.m. 


TEXAS GULF COAST 


October 16 . . . Chester C. Sconyers, 
Perry Filter Sales Co. “Conditioning 
of Cooling Systems.” Meeting place: 
Houston-Engineering & Scientific So- 
ciety, 2615 Fannis St., Houston, Texas. 
Social gathering 6:00; dinner 6:30; 
meeting 7:45 p.m. 


TWIN CITY 


October 18 .. . SAE President Andrew 
A. Kucher, Ford Motor Co. Present 
status — future development— “Ground 
Effect Vehicles.” Meeting place: Hasty 
Tasty Restaurant, Lake St. & Henne- 
pin Ave., Minneapolis. Dinner 7:00; 
meeting 8:00 p.m. 


WICHITA 


October 19 .. . Vern Lewis (modera- 
tor). Panel discussion: “Recent Ad- 
vances in Lubricants.” Special feature 
— field trip: Skelly Oil Co. Meeting 
place: Skelly Oil Co., El Dorado, Kan. 
Dinner 6:30; meeting 8:00 p.m. 
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October 9-13 

Aeronautic and Space Engineering and Manufacturing 
(including engineering display) 

The Ambassador, Los Angeles, Calf. 


November 8-10 
Fuels and Lubricants 
Shamrock Hotel, Houston, Texas 


1962 


January 8-12 
Automotive Engineering Congress and Exposition 
Cobo Hall, Detroit, Mich. 


March 12-16 

Automobile Week 

(combined National Automobile and Production Meetings) 
Sheraton-Cadillac, Detroit, Mich 


April 3-6 

Aeronautic 

(including production forum) 

Hotel Commodore, New York, N. Y 


June 11-15 
Summer 
Chalfonte-Haddon Hall, Atlantic City, N. J 


August 13-16 
National West Coast 
Biltmore Hotel, Los Angeles, Calif. 


September 10-13 

Farm, Construction, and Industrial Machinery 
(including production forum and engineering display) 
Milwaukee Auditorium, Milwaukee, Wis. 


October 8-12 

Aeronautic and Space Engineering and Manufacturing 
(including manufacturing forum and engineering display) 
The Ambassador, Los Angeles, Calif. 


October 29—Novernber 2 

Combined National Fuels and Lubricants; Powerplant and Transpor- 
tation Meetings 

Bellevue Stratford, Philadelphia, Pa. 
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ROYAL WELLER, former vice-presi- 
dent of engineering of the Stromberg- 
Carlson Division, has been appointed 
to the newly-created position of di- 
rector of engineering in the Space 
Systems Division of the Lockheed 
Missiles & Space Co., a division of 
Lockheed Aircraft Corp. He is re- 
sponsible for all design and analytical 
engineering. 


WILLIAM F. BALLHAUS has been 
named executive vice-president of 
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Dybvig 


Dana appoints . 
Cc. C. DYBVIG has been appointed to the newly created position of 


vice-president of marketing for the Dana Corp. 
Dybvig will coordinate sales for Dana’s Detroit, Con-Vel and Trans- 
mission and Gear Divisions as well as continuing with his present 
He joined the Dana Corp. in 1954 as general 
sales manager and in 1958 was elected Vice-President — Sales. 
Dybvig served on the Detroit Section Governing Board for seven 
years prior to his term as chairman of the Section 1956-57. 
currently chairman of the committee planning the banquet at the 
1962 Congress and Exposition of Automotive Engineering. 
Additional appointments at Dana include those of W. H. SCHOM- 
BURG, JR. and JOHN P. HENSON. Schomburg, assistant general 
sales manager since 1959, has been named general sales manager and 
Henson has assumed the position of assistant general sales manager. 
He was previously sales manager of Dana’s Universal Joint Division. 


sales responsibilities. 


Northrop Corp. He has been a vice- 
president of Northrop and general 
manager of its Nortronics Division 
since 1957 and is also a member of the 
board of directors of Page Communica- 
tions Engineers, Inc., a Northrop sub- 
sidiary. 


MAYNARD J. ISLEY has been ap- 
pointed as the first of a group of spe- 
cialized engineers who will be in charge 
of Studebaker-Packard’s new research 
division. 
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Schomburg 


In this position 
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Isley is a research engineer in Chrys- 
ler Corp’s ballistic weapon systems. 


G. DOUGLAS SIMONDS, formerly 
engineering vice-president, has been 
named vice-president and technical 
consultant of FWD Corp., Clintonville, 
Wis. Replacing Simonds as engineer- 
ing vice-president is ARMAND W. 
WOTHE. Prior to joining FWD, Wothe 
was vice president-sales and engineer- 
ing of the Hendrickson Tandem Corp., 
Butler, Ind., a division of Hendrickson 
Mfg. Co., Lyons, Ill., where he was 
sales engineer. 


LEO A. CARTER, former vice presi- 
dent-general manager of the Santa 
Monica Division of Douglas Aircraft 
Co., is now with the Lockheed Missiles 
& Space Co. a division of Lockheed 
Aircraft Corp. as assistant for man- 
agement evaluation to the vice-presi- 
dent and Space Systems Division 
general manager. Carter will be re- 
sponsible for management analysis of 
Space Systems Division operations, to 
improve methods of conducting re- 
search and development activity. 


CORWIN D. MC LEAN is now super- 
vising research engineer — petroleum 
products research department, Cali- 
fornia Research Corp. He will be 
located at Louisville, Kentucky, as Cal- 
research representative. 


RICHARD C. ST. JOHN is now as- 
sociated with The Martin Co. In his 
position as senior engineer he deter- 
mines and directs the use of explosive 
devices and components in missiles. 

St. John was formerly project engi- 
neer with Magnavox Co. 


MAX K. BRAND has been appointed 
regional service director, European and 
Near Eastern Area, American Motors 
Corp. He was formerly Pacific Area 
field engineer for Ford International 
Division, Ford Motor Co. 
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PAUL F. ALLMENDINGER has been 
appointed director of engineering for 
the Electric Autolite Co.’s electrical 
products group. In addition to man- 
aging engineering activities for gen- 
erators, alternators, controls, starting 
motors, ignition and other automotive 
electrical parts, Allmendinger will co- 
ordinate and initiate product develop- 
ment. 

He was previously director of engi- 
neering, Alemite and Instrument Di- 
vision, Stewart-Warner Corp. 

Allmendinger is SAE director 1961-3 
and chairman of the SAE Sections 
Board. 


SAE PAST-PRESIDENT ARCH T. 
COLWELL in recognition of his ex- 
tensive business and scientific contri- 
butions to aeronautics over the years, 
has been elected a Fellow of The Royal 
Aeronautical Society of England. 
Widely known in both aircraft and 
automotive circles here and abroad, 
he recently retired as vice president — 
engineering, research and development 
of Thompson Ramo Wooldridge Inc. 
He continues to serve TRW as a mem- 
ber of the board of directors and con- 
sultant. 


M. CARL HADDON and WILFRID 
A. PULVER, corporate vice-presidents 
of Lockheed Aircraft Corp., have as- 
sumed presidential positions with the 
renaming of Lockheed’s California and 
Georgia Divisions. Haddon was named 
president of Lockheed-California Co., 
the former California Division; and 
Pulver, president of Lockheed-Georgia 
Co., the former Georgia Division. 


E. S. RUSSEY has been elected 
chairman of Borg-Warner, Ltd., Letch- 
worth, England. His new duties will be 
in addition to those he already per- 
forms. Besides being a director and 
vice-president of Borg-Warner, Russey 
is president and general manager of 
both the Warner Gear Division at 
Muncie, Ind., and Warner Gear Co. 
Ltd. at Windsor, Ontario, Canada. 


ROBERT K. NELSON, formerly as- 
sistant chief engineer of the Axle Di- 
vision of Eaton Manufacturing Co., 
Cleveland has been appointed technical 
director of Eaton Axles Ltd., Warring- 
ton, England. 

Nelson and E. M. DE WINDT, presi- 
dent of Eaton International and vice- 
president of Eaton Manufacturing Co. 


Alimendinger Colwell 
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Townsend Heads Chrysler .. . 


Townsend 


LYNN A. TOWNSEND has been named president of Chrysler Corp. 
succeeding L. L. COLBERT, who has resigned as chairman and presi- 
dent, and also as a member of the Chrysler Board of Directors. 
Colbert has been elected chairman of the Board of Chrysler Corp. 


of Canada. 


Townsend was administrative vice-president of Chrysler Corp. at 
the time of his elevation to the presidency. Prior to joining Chrysler 
Corp. as comptroller in 1957, Townsend was a partner in the account- 
ing firm now named Touche, Ross, Bailey & Smart. 
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have both joined the Board of Direc- 
tors of Eaton Axles Ltd. 


ERWIN E. BIRCHER has been made 
test engineer in Consolidated Diesel 
Electric Corporation’s power equipment 
division. He was formerly a field 
service representative- in the firm’s 
aircraft equipment division. 


PRIMO L., PINOTTI has been named 
Chicago district manager, petroleum 
chemicals, for the Oronite Division of 
California Chemical Co., a subsidiary 
of Standard Oil Co. of Calif. Prior to 
his new appointment, Pinotti was 
product specialist, petroleum chemi- 
cals, in Oronite’s home office. 


H. GRADY MARSHALL formerly 
a department engineer, equipment and 
standards, with Lockheed Aircraft 
Corp., has returned to the Georgia di- 
vision as staff assistant to technical 
service engineer after six months on 
special assignment in the Sunnyvale, 
California, Missiles & Space Division 
of Lockheed. 
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CLOYD DICKERSON, §supervisor, 
engineering design, Ford Tractor & 
Implement Division, Ford Motor Co., 
has retired after 52 years in the auto- 
motive industry. His first experience 
was with the 1909 Reo, then followed 
association with Hupmobile, Packard 
and the Curtis A & M Co. 


RENE J. BENDER, an editor of 
“Petroleum Week,” a former McGraw- 
Hill publication, has entered the busi- 
ness of consultant engineering, 
specializing in matters of petroleum 
and petrochemicals, their manufacture 
and their applications. 

Bender, a graduate engineer of the 
University of Paris (France), was, for 
many years, an engineer and an ex- 
ecutive of the Sinclair Oil Corp. in the 
U. S. and abroad. He is currently en- 
gaged by the Ethyl Corp. 


EUGENE L. MENCH, staff engineer 
of the Diamond T Motor Truck Co., 
has been transferred to the Lansing 
Division of the White Motor Co. at 
Lansing, Michigan. The Lansing Di- 
vision manufactures Reo, Diamond T 
and several models of White trucks. 





4 


TOOELOLEL 


WADE E. 
elected to the board of directors of the 
S. K. Wellman Co. 
vice president in charge of sales at the 
S. K. Wellman Co. and president and 
a director of Friction Materials Stand- 
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WALTER G. AINSLEY, automotive re- 
search coordinator for Sinclair Research, 
Inc., has retired after 35 years with the 
corporation. He will be succeeded by 
M. L. HAMILTON. 

Ainsley, a pioneer in gasoline knock 
testing, has been working closely with 
automotive engineers on problems re- 
lating to fuels and lubricants as they 
apply to innovation in automotive en- 
gine design. Three years ago, he set up 
a Sinclair liaison office in Detroit, and 
since then he has divided his time be- 
tween the Detroit office and Sinclair’s 
laboratories in Harvey, Ill. During 
World War II, he served as consultant 
on fuels and lubricants to the Office of 
the Chief of Ordnance. 

Hamilton has served variously as 
Ainsley’s assistant director of engine 
laboratories, for three years as assistant 
director of the Products Division, and 
previously as head of the aircraft engine 
laboratories. 

Both Hamilton and Ainsley have been 
active in SAE. Ainsley has served as 
vice-president and chairman of various 
technical committees and Hamilton was 
1958-59 chairman of the Chicago Sec- 
tion. 


been Tubing Co., Detroit. 


gineering group is_ responsible 
standards as well 
control. 
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this appointment 


RUSSELL A. GRAHAM, vice presi- 


ent 


of engineering, 
Maremont Corp., Chicago and a vice 
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Alcoa Research Laboratories, 
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The facilities en- 
for 
maintenance of engineering and fabri- 
as product 


Knox was manager of the Nine Mile 
Road plant, Warren, Michigan before 


E. S. HOWARTH, chief engineer of 
New 


president and director of its subsidiary, 
Saco-Lowell Shops, has been appointed 
executive vice president and general 
manager of the textile machinery di- 
vision of Saco-Lowell Shops. 

Graham who has had wide experi- 
ence in the development and design of 
special manufacturing equipment and 
tools, asserted that special emphasis 
would be placed on forward planning, 
sales, research, development and engi- 
neering in an effort to translate textile 
mill requirements into machinery suit- 
able for those needs. 


DAVID R. KNOX has been appointed 
director of facilities engineering, Bundy 


Canfield 


Kensington, Pa., has been appointed 
assistant chief construction engineer 
for Aluminum Co. of America with 
headquarters in Pittsburgh. In addi- 
tion he will continue as project man- 
ager for the planned Alcoa Technical 
Center at Merwin, Pa. 


ROLAND J. FERNEKES has been 
named director of engineering at Casco 
Products Corp., a subsidiary of Stand- 
ard Kollsman Industries Inc. For- 
merly assistant to the vice-president- 
operations, he will now be in charge of 
both product and manufacturing en- 
gineering. 


Howarth 


A. D. BULLOCK has been named 
service manager for Kenworth Motor 
Truck Co. This position places him in 
charge of the field service, service and 
new truck test departments. He was 
previously assistant manager of the 
field service department, then headed 
by R. H. KASPER, who recently re- 
tired. 

Bullock will present a paper at the 
Milwaukee meeting. 


WILLIAM C. LEINGANG, general 
manager of the Stokes Molded Prod- 
ucts Division, Electric Storage Battery 
Co., retired September 1 after 38 years’ 
service. Previous to his latest position 
he was assistant to the president. 


ERLE MARTIN, vice-president for 
research and development at United 
Aircraft Corp., will serve as coordinator 
for five scientific advisory committees 
composed of internationally known 
scientists and executives to provide 
counsel in fields pertinent to the inter- 
ests of the corporation and its sub- 
sidiaries. 

Among the scientists is IGOR L 
SIKORSKY, designer of this country’s 
first successful helicopter, and a con- 
sultant to United Aircraft. 

PERRY W. PRATT, the corporation’s 
vice-president and chief scientist is 
among four men who will represent 
United Aircraft. 


JAMES E. PETERSON has been 
named assistant general sales manager 
of the Mechanics Universal Joint Di- 
vision, Borg-Warner Corp. Peterson 
has been associated with Borg-Warner 
for a year. Formerly he was a product 
sales manager with Dana Corp. 


D. A. WEAVER, formerly of the 
Public Safety Institute at Purdue Uni- 
versity, has joined the Training 
Division of the Traffic Institute, North- 
western University, Evanston, Illinois. 
There he will direct special Institute 
courses for the Army, Navy, Air Force, 
and American Association of Motor 
Vehicles, as well as the Institute’s 
traffic engineering seminars and work- 
shops. 


RAYMOND G. BENNETT is now as- 
sociated with Novo Industrial Corp. 
where he is chief engineer for the 
United Air Cleaner Division. Bennett 
was formerly chief engineer, South 
Bend Division, Curtiss-Wright Corp. 


Bullock 
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E. P. TIGHE has been made con- 
troller of the Aero Hydraulics Division 
of Vickers Inc., division of Sperry Rand 
Corp. He was formerly manager, cor- 
porate profit planning for Chrysler 
Corp. 


JOHN C. MILES, professor of me- 
chanical engineering at the University 
of Illinois, is on leave from the univer- 
sity to work in India for the US. 
International Cooperation Administra- 
tion. In cooperation with the Govern- 
ment of India he _ will develop 
engineering curriculms for Indian 
engineering colleges. 


ROBERT O. BABCOCK, manager of 
the transportation department of Con- 
solidated Edison Co. of N. Y., Inc., re- 
tired on August 1. He had been with 
the company for 45 years, serving in 
wide variety of positions until his ap- 
pointment in 1948 as transportation 
manager. 


HENRY JENNINGS, a Past SAE Di- 
rector, has moved to Fort Meyers 
Beach, Florida, where he will continue 
his fleet consulting work, mostly in 
the Southern states. He is no longer 
a member of Anthony B. Cassedy and 
Associates. “If I am lucky, he writes, 
“T’ll get in some fishing, too.” 


MOORMAN R. BALIS has been ap- 
pointed manager of fluid power equip- 
ment sales, Bendix Products Division, 
Bendix Corp., South Bend, Ind. He 
was previously contracts and planning 
director of the Bendix-Mishawaka Di- 
vision. 


LEONARD J. NOWIKOWSKI, direc- 
tor of manufacturing research, Metcut 
Research Associates Inc., has been 
elected to the executive committee of 
the Cincinnati chapter of the American 
Society for Metals. Nowikowski is 
currently project monitor for a Mecut 
contract concerning all types of ma- 
chining studies on refractory materials. 


ROBERT W. DARGUE, formerly 
with B. F. Goodrich Co., has joined 
the Presstite Division, American-Mari- 
etta Co. as Manager, Rubber Products 
Sales. 


ROBERT G. LAWRENCE, formerly 
a service engineer at John Deere Ltd., 
is now associated with Consumer’s Co- 
operative Refineries as plant engineer. 
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Awarded... 


JEROME LEDERER, managing director 
of the Flight Safety Foundation, Inc., is to 
be the recipient of the 1961 Daniel Guggen- 
heim Medal in recognition of “his lifelong 
dedication to the cause of flight safety 
and his constant and untiring efforts to 
reduce the hazards of aviation.” The SAE, 
the American Society of Mechanical En- 
gineers, and the Institute of Aerospace 
Sciences are joint sponsors of the Award. 
SAE members of the Award Committee 
which chose Lederer were W. F. BALL- 
HAUS and E. J. MANGANIELLO. 

Prior to the founding of the Flight 
Safety Foundation, Lederer had been di- 
rector of the Safety Bureau of the Civil 
Aeronautics Authority, having been named 
to that post when the Bureau was first set 
up. A member of SAE since 1926, he is a 
native of New York City, and a graduate of 
the College of Mechanical Engineering of 
New York University. As far back as the 


late 20’s, Lederer —then an aeronautical engineer for the U.S. Air 
Mail Service — was investigating accidents and making changes in 


Jerome Lederer 
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ROBERT C. LOMAN, formerly with 
Chrysler Corp. in their Sales, Parts and 
Service Divisions, is now vice-president 
of Career Resumes, Inc. Career Res- 
umes, Inc. is a new organization and 
the first of its kind. They produce a 
word picture of a person’s personal and 
job history which is used by those 
seeking employment much as a calling 
card is used to introduce a guest. 


S. K. HOFFMAN, president and T. 
F. DIXON, vice-president of research 
and engineering of the Rocketdyne Di- 
vision of North American Aviation, 
Inc., were honored by three West 
Valley, Calif. communities at the 
Woodland Hills Country Club as co- 
recipients of the 1960 Louis W. Hill 
Space Transportation Award. 

The award was made in January by 
the Institute of Aerospace Sciences for 
“continuous leadership in development 
of extraordinary improvements in the 
thrust, efficiency, and reliability of 
powerplants for major ballistic mis- 
siles and space vehicle boosters.” 


design of air mail planes designed to improve safety. 
Presentation of the 1961 Award to Lederer will be made at a meet- 
ing of the American Society of Mechanical Engineers. 
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Smirl 


ALFRED A. KRUEGER 
has been named vice-presi- 
det of sales and RICHARD 
L. SMIRL, vice-president of 
engineering at the Borg & 
Beck Division, Borg-War- 
ner Corp. 

Krueger, who has been 
associated with Borg & 
Beck for 40 years, was for- 
merly sales manager and 
assistant to the general 
manager. Smirl has been 
with the division for 25 
years, most recently as di- 
rector of engineering. 





Among SAE Enrolled Students 


... Who have entered industry 


DALE C. ALM .. . General Motors 
Institute . engineer, Fisher Body 
Division, GMC. 

DONALD J. ANDERSON ... General 
Motors Institute .. . graphic engineer, 
engineering illustration & parts densi- 
fication department, production engi- 
neering activity, Fisher Body Division, 
GMC. 

EDWARD D. BARTLEY .. . General 
Motors Institute .. . project engineer, 
Harrison Radiator Division, GMC. 

JULIUS F. BENE .. . University of 
British Colombia . . . mechanical engi- 
neer, Crown Zellerbach, Ltd. 

GORDON L. BORST ... South Da- 
kota State College .. . facilities engi- 
neer, Boeing Airplane Co. 

BILL J. CASTENHOLZ ... California 
State Polytechnic College . . . develop- 
ment engineer, McCulloch Corp. 

HELMUT F. CERNY Wayne 
State University ... associate engineer, 
Boeing Airplane Co. 

JOHN CHIN ... New York Univer- 
sity, College of Engineering .. . applica- 
tion engineer, Western Electric Co. 

RAYMOND L. CROSBY .. . General 
Motors Institute .. . student engineer, 
GMC, Linden, N. J. 

RALPH A. De ECHEANDIA ... The 
City College project engineer, 


PROF. K. H. WEIL (left), head of Mechanical Engineering at Stevens Institute of 
Technology, is making engineering come alive for his students by organizing a gallery 
of dramatic photographic studies depicting modern engineering processes and prod- 
ucts. Major companies in this country and abroad are cooperating with Weil by 
providing striking engineering photos for the gallery. 


Stoner, secretary, SAE Technical Board. 
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American Machine & Foundry Co. 

CHARLES G. DIDEON .. . Univer- 
sity of Washington .. . associate engi- 
neer, Boeing Airplane Co. 

WILLIAM Y. ENDOW .. . Oregon 
State College . . . test engineer, Astro- 
nautics Division, General Dynamics 
Corp. 

ALBERT E. FRY .. 
stitute of Engineering 
engineer, B. F. Goodrich Co. 

DENNIS L. GOECKS .. . University 
of Wisconsin .. . engineer, The Martin 
Co., Denver, Colorado. 

ERNESTO A. GROSKOPF 
Wayne State University stress 
analyst, Wettlaufer Mechanical En- 
gineering Division, Pioneer Engineer- 
ing & Manufacturing Co. 

JOHN T. HARRIS .. . General Mo- 
tors Institute ... process engineer, 
Fisher Body Division, GMC. 

STEPHEN J. HAYDOCK ... Univer- 
sity of Detroit .. . designer, Dana Corp. 

TIMOTHY K. HASSELMAN 
Carnegie Institute of Technology ... 
test engineer, Convair Astronautics 
Division, General Dynamics Corp. 

WELDON F. HEATH ... University 
of Southwestern Louisiana . test 
engineer, George C. Marshall Space 
Flight Center, National Aeronautics & 
Space Administration. 


. Chrysler In- 
. material 
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Interested spectator is M. L. 
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MUTSUMI V. HIROSE ... Northrup 
Institute of Technology ... mainte- 
nance engineering, Analysis Section, 
The Martin Co., Denver, Colorado. 


ANTHONY R. KENT .. . California 
State Polytechnic College . . . hydraulic 
engineer, U. S. Geological Survey, Port- 
land, Oregon. 


WILLIAM F. KIMZEY . . Parks 
College of Aeronautical Technology .. . 
service engineer, McDonnell Aircraft 
Corp. 


LEONARD H. LUSTBADER ... The 
City College . . . mechanical engineer, 
Marks Polarized Corp. 


ERNEST R. MACH ... .University of 
Oklahoma .. . mechanical engineer, 
Continental Oil Co. 


KERVYN D. MACH .. . South Dakota 
State College . . . mechanical engineer, 
Aeronautical Systems Division, Air 
Force Systems Command, Wright- 
Patterson AFB. 


DEAN A. NELSON .. . University of 
Illinois . . . reliability engineer, Pontiac 
Motor Division, GMC. 

JOHN S. NEVIN ... Chrysler In- 
stitute of Engineering .. . test and de- 
velopment engineer, body components 
laboratory, Chrysler Corp. 

RONALD J. G. NOVAK 
vania State University . 
engineer, The Martin Co. 


HARVEY O. PATRICK .. . Univer- 
sity of Miami .. . experimental engi- 
neer, Florida research and development 
center, Pratt & Whitney Aircratt. 


ARTHUR POEHLMAN ... University 
of Wisconsin ... associate engineer, 
Douglas Aircraft Co. 


ROY V. POGUE ... California State 
Polytechnic College .. . design engi- 
neer, test equipment, Aerojet-General 
Corp. 

JAMES RAWLINGS ... California 
State Polytechnic College . . . program 
engineer, General Electric Co. 


BERNARD H. RIS .. . Massachusetts 
Institute of Technology .. . design en- 
gineer, structure and suspension de- 
velopment, General Motors Technical 
Center. 

ANDREW G. ROBINSON ... Mich- 
igan College of Mining and Technol- 
ogy ... plant engineering, Flint Manu- 
facturing, Chevrolet Motor Division, 
GMC. 

TERRY L. ROBINSON . Fenn 
College . . . engineer, Convair Astro- 
nautics Division, General Dynamics 
Corp. 

PAUL ROSENBERG ..... California 
State Polytechnic College . . . mechani- 
cal engineer, Bacchus Works, Hercules 
Powder Co. 

WILHELM D. SCHOENFELD 
University of Toronto . engineer 
trainee, International Nickel Co. of 
Canada, Ltd. 

J. C. SCHWANEBECK .. 
Institute of Technology . . 


. Pennsyl- 
. associate 


. Georgia 
. associate 
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aircraft engineer, Lockheed-Georgia 


Co. 

EDWARD H. SIMANEK .... Mil- 
waukee School of Engineering ... 
Gas Distribution Division, Central 
Illinois Electric and Gas Co. 

WILLIAM H. SINGLETON 
Michigan State University . . . project 
engineer, Overseas Engine Division, 
Procter & Gamble Co. 

EDDIE J. SMART .. . Indiana Tech- 
nical College . . . engineering trainee, 
Tube Division, U. S. Steel Corp. 


JAMES A. STEELE . Northrop 
Aeronautical Institute . associate 
engineer, Astronautics Division, Gen- 
eral Dynamics Corp. 

JACQUES VEZINA ... Ecole Poly- 
technique . . . maintenance engineer, 
Hydro-Quebec. 


DAVID L. WATKINS .. . General 
Motors Institute . . . engineer, central 
engineering, Fisher Body Division, 
GMC. 


THOMAS A. WATSON .. . Purdue 
University . . . service department en- 
gineer, Caterpillar Tractor Co. 


CHARLES M. WHITE SR... . Mis- 
souri School of Mines and Metallurgy 
me . associate tool engineer, Boeing 
Airplane Co. 

EDWARD H. WIENS .. . University 
of Saskatchewan .. . Robin-Nodwell 
Manufacturing, Ltd. 


Obituaries 


GENE C. BESSOLO ... (J’60) ... 
design engineer, missile department, 
Douglas Aircraft Co., Inc. . 1958 
treasurer, Loyola University of Los 
Angeles SAE Student Branch.. . died 
May 20... born 1936. 


ALBERT E. BUCHHOLZ... (M’57) 

. senior project engineer, Outboard 
Marine Corp... . died January 11... 
born 1916. 


ERWIN C. HORTON ... (M’35) ... 
consulting engineer, Trico Products 
Corp. ... died April 20 .. . born 1886. 


FRANK RIPPINGILLE ... (M’42) 

. . supervisor, tractor test & develop- 
ment section, Ford Tractor & Imple- 
ment Division, Ford Motor Co... . died 
July 2... born 1912. 


EDWARD R. SHARP ... (M’46) ... 
director emeritus, Lewis Research 
Center, National Aeronautics & Space 
Administration ... died July 24... 
born 1894. 


E. GLENN SIMPSON ... (M’18) ... 
retired, formerly chief experimental 
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... who have entered 
military service 


HENRY J. BLANKENSHIP ... Uni- 
versity of Oklahoma .. . captain, U.S. 
Air Force. 

RONALD A. EFKOWITZ .. . Uni- 
versity of Pittsburgh .. . pilot, U. S. 
Air Force. 

DAVID C. LYALL .. . University of 
Manitoba . Royal Canadian Air 
Force. 

ARTHUR E. MULLER ... Arlington 
State College. 

DAVID J. PETTIGRASS . 
cuse University. 

RICHARD A. WILLS .. . Missouri 
School of Mines and Metallurgy. 


.. Syra- 


... Who are doing 
graduate work 


DONAT A. MARTINOLI .. . Ecole 
Polytechnique .. . graduate student at 
Illinois Institute of Technology. 

MICHAEL E. HILLEY .. . Clemson 
College . . . continuing at Clemson as 
graduate student and instructor. 

RICHARD F. TOZER .. . Case In- 
stitute of Technology . graduate 
student, Harvard University. 

DEAN G. TRYON .. . General Mo- 
tors Institute . graduate student, 
University of Michigan. 


IN 
HIE 


engineer, Fisher Body Detroit Division, 
General Motors Corp. . . . died June 1 
.... born 1885. 


JOHN W. SPEAKER... (M’56) ... 
president, J. W. Speaker Corp... . died 
November 22 .. . born 1903. 


JOHN H. TABB (M’51) 
section supervisor, layout section, truck 
package layout & drafting department 
. .. Ford Division, Ford Motor Co... . 
died March 28 .. . born 1912. 


MALCOLM THOMSON ... (M’18) 

. retired, formerly consulting engi- 
neer, Thomson Laboratory, General 
Electric Co. ... died May 4... born 
1891. 


CHARLES W. VAN OVERBEKE ... 
(M’43) district sales manager, 
Western region, American Bosch Arma 
Corp... . died August 20 .. . born 1916. 


SUMER WOLF ... (M’52) ... man- 
ager, engineering and development, 
Montreal Locomotive Works, Ltd... . 
died July 2... born 1913. 
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In the 


1961 issue of 
SAE 


Consultants 


... you will find 149 SAE 
members who are avail- 
able for on-call, part- or 
full-time consulting work 
all over the United States, 
in Canada, and in many 
distant lands. 


A variety of engineer- 
ing areas are represented 
by men with general to 
specialized experience. 
The member’s back- 
ground is given along 
with his name, address, 
and telephone number for 
direct contact. 


Your free copy of SAE 
CONSULTANTS is wait- 
ing for you at the SAE 
Placement Service, 485 
Lexington Avenue, New 
York 17, New York. Send 
for it now. 
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SAE Section Officers 


1961-1962 


Alberta Group 


Henry J. Rasmussen 
I. B. Granger 
Roy L. Larson 
Vice-Chairman, Edmonton 
Albert A. Nichols Treasurer 
Vincent J. Kaytor Secretary 
Address of Secretary: Motor Car Sup- 
ply Co. of Canada, Ltd., 1403 Ninth 
Ave. W., Calgary, Alberta, Canada 


Chairman 
Vice-Chairman 


Atlanta Section 


Paul A. Young 
Charles B. Sanford 
Charles R. F. Beall 
Vice-Chairman, Aircraft 
J. M. Cooper 
Vice-Chairman, Fuels & Lubricants 
8. K. Cannon Vice-Chairman, 
Transportation & Maintenance 
L. J. Galati Treasurer 
James L. Broom Secretary 
Address of Secretary: 1376 Merry Lane 
NE., Atlanta 6, Ga. 


Chairman 
Vice-Chairman 


Baltimore Section 


George A. Bamford 
Sherod L. Earle 
James C. Hussong 
Vice-Chairman, Aircraft 
Louis E. Gaynor 
Vice-Chairman, Fuels & Lubricants 
John W. Lippert 
Vice-Chairman, Power Plant 
John N. Lyndall, Jr. Vice-Chairman, 
Transportation & Maintenance 
Dale E. Woomert Treasurer 
Walter J. Eser, Jr. Secretary 
Address of Secretary: 4 Dalebrook Dr., 
Phoenix, Md. 


Chairman 
Vice-Chairman 


British Columbia Section 


Henry C. Givins Chairman 
John Bernard Tompkins 
Vice-Chairman 
Kenneth G. Clarke 
Vice-Chairman, Fuels & Lubricants 
David George Rennie . Vice-Chairman, 
Transportation & Maintenance 
Ralph Faulkner Treasurer 
Roy Douglas Jolly Secretary 
Address of Secretary: Standard Oil Co. 
of British Columbia Ltd., Marketing 
Div., 355 Burrard St., Vancouver 1, 
B. C., Canada 


Buffalo Section 


Sydney E. Leese 
Merle S. Day 
Ellsworth A. Kehoe 

Vice-Chairman, Rochester 
Donald B. Capwell Treasurer 
Ralph C. Mangold Secretary 
Address of Secretary: Chevrolet Motor 
Div., GMC., Buffalo Div., 1001 E. De- 
laven Ave., Buffalo 5, N. Y. 


Chairman 
Vice-Chairman 
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Central Illinois Section 


Lloyd E. Johnson Chairman 
Jack A. Drais Vice-Chairman 
Harlow H. Piper 
Vice-Chairman, Decatur 

Joseph J. Wochner 

Vice-Chairman, Springfield 
Arthur O. Beer Treasurer 
Richard D. Kieser Secretary 
Address of Secretary: 6132 Knoll Aire 
Dr., Peoria, Ill. 


Chicago Section 


Philip J. Sperry 
Wesley H. Day 
George E. Stanton, Jr. 
Vice-Chairman, Aircraft 
Carlyle F. Warren Vice-Chairman, 
Engineering Materials & Production 
Hobert D. Young 
Vice-Chairman, Fuels & Lubricants 
R. Allen Lennox 
Vice-Chairman, Parts & Accessories 
John K. Nemeth . 
Vice-Chairman, Passenger Car 
George D. Aravosis Vice-Chairman, 
Tractor, Industrial Power & Diesel 
Engines 
John C. Hubbard Vice-Chairman, 
Transportation & Maintenance 
Ralph D. Mancinelli 
Vice-Chairman, Truck & Bus 
Karl J. Mogk 
Vice-Chairman, Fox Valley Division 
William R. Williams . Vice-Chairman, 
South Bend Division 
Ivan R. Dawson Treasurer 
Peter A. Mueller Secretary 
Address of Secretary: 815 S. Scoville 
Ave., Oak Park, Il. 


Chairman 
Vice-Chairman 


Cincinnati Section 


F. P. Waldmann 
John F. Dooley, Jr. 
Edward B. Lohaus Treasurer 
Edward J. Schmerber Secretary 
Address of Secretary: 387 Glen Oaks 
Rd., Cincinnati 38, Ohio 


Chairman 
Vice-Chairman 


Cleveland Section 


T. Cyril Noon 
J. Rowland Doyle 
Fred A. Wilcox 
Vice-Chairman, Aeronautics 
Orris H. Johnson 
Vice-Chairman, Akron-Canton 
Joseph August, Jr. 
Vice-Chairman, Fuels & Lubricants 
Everett C. Curtis 
Vice-Chairman, Production 
John R. Long 
Vice-Chairman, Power Plant 
Robert C. Austin Vice-Chairman, 
Transportation & Maintenance 
Lucien J. Dreyer 
Vice-Chairman, Truck & Bus 
H. C. Simons Treasurer 


, Chairman 
. Vice-Chairman 


C. G. Martin ; . Secretary 
Address of Secretary: Elec’l Product 
Dev., Thompson Ramo Wooldridge, Inc., 
7209 Platt Av., Cleveland 4, Ohio 


Colorado Section 


Jack P. Goodman Chairman 
Chester L. Wentworth Vice-Chairman 
Bruce H. Gale Treasurer 
George M. Jones Secretary 
Address of Secretary: 7441 Eliot St., 
Westminster, Colorado 


Dayton Section 


William A. Frye 
John F. Pribonic 
Joseph I. Solch 
... Vice-Chairman, Aeronautics 
Ludwig A. Majneri 
Vice-Chairman, Columbus 
James C. Cox 
Vice-Chairman, Springfield 
William F. Erickson Treasurer 
G. William Beck Secretary 
Address of Secretary: 887 Cranbrook 
Ct., Dayton 59, Ohio 


Chairman 
Vice-Chairman 


Detroit Section 


Charles W. Ohly : Chairman 
Harold C. MacDonald . Vice-Chairman 
John T. Burns 
; Vice-Chairman, Aero-Space 
LaVerne B. Ragsdale 
Vice-Chairman, Body 
Kenneth L. Hollister . Vice-Chairman, 
Engineering Materials 
L. E. Fleuelling 
Vice-Chairman, Junior 
Carl E. Burke 
Vice-Chairman, Passenger Car 
Edward Gray 
Vice-Chairman, Production 
Lawrence R. Lentz 
Vice-Chairman, Regional 
Cornell Janeway 
Vice-Chairman, Student 
Kenneth M. Koch 
Vice-Chairman, Truck & Bus 
George A. Delaney Treasurer 
Robert Anderson Secretary 
Address of Secretary: 995 S. Glenhurst, 
Birmingham, Mich. 
Miss Edith McCoy .. . Assistant Secre- 
tary ... Detroit Section Office ... 100 
Farnsworth Ave., Detroit 2, Mich. 


Fort Wayne Section 


Chairman 
. Vice-Chairman 


Ronald D. Ramsey 
Richard S. Johnson 
Robert B. Hawkins Treasurer 
H. G. Trainer, Jr. ‘ Secretary 
Address of Secretary: 819 Wooster Ct., 
Ft. Wayne, Ind. 


Hawaii Section 


Harry D. Smith 
Fred L. Helbush 
Eric Holloway 

Vice-Chairman, Aeronautics 
Byron B. Peetz 


Chairman 
Vice-Chairman 


Vice-Chairman, Hilo 
Walter H. Grasser Treasurer 
James H. Davis Secretary 
Address of Secretary: 1045 Makapue 


Blvd., Kailua, Oahu, Hawaii. 
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Indiana Section 
Robert M. Tuck, Jr. 
Bradley A. Woodhull 
Richard H. Duzan 
Vice-Chairman, Aircraft 


Chairman 
. Vice-Chairman 


Niels J. Beck 
Vice-Chairman, Diesel Engine 
James C. Norris 
Vice-Chairman, Passenger Car 
Lawrence L. Harrison Vice-Chairman, 
Transportation & Maintenance 
Richard E. Young 
Vice-Chairman, Truck & Bus 
Thomas J. Weir Treasurer 
Thomas I. Monroe Secretary 
Address of Secretary: Ross Gear & 
Tool Co., 714 Heath St., Lafayette, Ind. 


Kansas City Section 


Frederick T. Weisman 
Oliver G. Phillips, Jr. 
Clyde C. Engert 
Vice-Chairman, Aeronautics 
Charles R. Hayes 
Vice-Chairman, Fuels & Lubricants 
Don F. Sole Vice-Chairman, 
Transportation & Maintenance 
Gene R. McLaughlin Treasurer 
Francis J. Boyle Secretary 
Address of Secretary: Kansas City Div., 
Bendix Corp., P. O. Box 1159, Kansas 
City 41, Mo. 


Chairman 
Vice-Chairman 


Metropolitan Section 


L. A. Douglass Chairman 
J. T. Farrah Vice-Chairman 
Richard L. Kline 
Vice-Chairman, Aerospace 
M. B. Fannon 
Vice-Chairman, Air Transport 
Harold M. Cashmore 
Vice-Chairman, Diesel Engine 
Eugene S. Lubarsky 
Vice-Chairman, Fuels & Lubricants 
Robert C. Ward Vice-Chairman, 
Passenger Car & Body 
Richard L. Courtney 
Vice-Chairman, Students 
Andrew R. Barr Vice-Chairman, 
Transportation & Maintenance 
George E. Wilson Treasurer 
C. M. Rice ; Secretary 
Address of Secretary: 8 Yale Terrace, 
Montclair, N. J. 


Mid-Continent Section 


I. E. Flaa Chairman 
Cecil L. Cotton . Vice-Chairman 
Fred M. Morris 
Vice-Chairman, Aircraft 
H. M. Carey 
Vice-Chairman, Fuels & Lubricants 
John C. Lewis Vice-Chairman, 
Transportation & Maintenance 
Otis L. Spilman Treasurer 
Joseph S. Crawford ... Secretary 
Address of Secretary: 1715 S. College 
Ave., Tulsa 4, Oklahoma 


Mid-Michigan Section 
Karl Schwartzwalder Chairman 
Everett W. Otto Vice-Chairman 
Richard W. Craig Treasurer 
G. William Moody Secretary 
Address of Secretary: 4908 Lyncott Dr., 
Lansing, Mich. 
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Milwaukee Section 


James W. Mohr 
D. Roger Neeld 
Robert Carlin 

Floyd James Hartshorn, Jr. . Secretary 
Address of Secretary: Indust. Div., 
Timken Roller Bearing Co., 4444 W. 
Capitol Dr., Milwaukee 16, Wisconsin 


Chairman 
Vice-Chairman 
Treasurer 


Mohawk-Hudson Section 


Chairman 
. Vice-Chairman 


Walter F. Venneman 
C. Kenneth Hunt 
John H. DeWitt 
Vice-Chairman, Albany 

Fil L. Fina, Jr. 

Vice-Chairman, Schenectady 
C. Arthur Leland Treasurer 
James W. Cummings Secretary 
Address of Secretary: WK Equip., Del- 
aware & Hudson R. R. Corp., Maint. of 
Way, Calonie, N. Y. 


Montreal Section 


William E. MacKenzie 
Ronald H. Whiteside 
R. F. Stapells 


Chairman 
Vice-Chairman 


Vice-Chairman, Aircraft 
Georges Donato 
Vice-Chairman, Students 
Charles A. Dinsmore . Vice-Chairman, 
Transportation & Maintenance 
John W. Hammond Treasurer 
Gaston Beauchamp Secretary 
Address of Secretary: Montreal Transp. 
Commission, Vehicle Maint. Dept., 8845 
St. Lawrence Blvd., Montreal, Que., 
Canada 


New England Section 


Draper M. Harvey Chairman 
Stuart W. Kneen Vice-Chairman 
Richard L. Charlesworth Treasurer 
Raimund F. O’Brien, Jr. Secretary 
Address of Secretary: California Oil 
Co., 214 Harvard Ave., Boston 34, Mass. 


Northern California Section 


Ernest S. Starkman Chairman 
D. C. Wimberly Vice-Chairman 
Robert E. Totman 
Vice-Chairman, Aeronautics 
Charles R. Coffey 
Vice-Chairman Power Plant 
Ray W. Daugherty . 
. Vice-Chairman, Regional 
W. H. Moranda Chairman, 
South Bay Division 
F. W. Fingerle . 
Vice-Chairman, Students 
G. U. Brumbaugh Vice-Chairman, 
Transportation & Maintenance 
Ralph H. K. Cramer Treasurer 
H. W. Sigworth Secretary 
Address of Secretary: Standard Oil Co. 
of Calif., Product Engrg., 225 Bush St., 
San Francisco 20, Calif. 


Northwest Section 


Wallace M. Brown 

E. J. Wood 

Donald W. Finlay . 
Vice-Chairman, Aircraft 


Chairman 
Vice-Chairman 


A. D. Bullock 
Vice-Chairman, Fuels & Lubricants 
Vaughn H. Dorsey Vice-Chairman, 
Transportation & Maintenance 
M. E. Earnheart .. Treasurer 
Robert B. Dickey ee . Secretary 
Address of Secretary: Chassis Design, 
Kenworth Motor Truck Co., Div., Pa- 
cific Car & Fdy. Co., P. O. Box 3505, 
8801 E. Marginal Way, Seattle 24, 
Wash. 


Ontario Section 


Lloyd A. Hassell 
Stephen F. Palmer 
Lorne C. Elder 
Vice-Chairman, Hamilton 
John M. Delorme 
Vice-Chairman, Kitchener 
Cecil Norman Reatherford 
Vice-Chairman, London-Sarnia 
Jack R. Leach 
Vice-Chairman, Niagara Peninsula 
J. Stewart Munro 
Vice-Chairman, Oshawa 
George A. Lacy 
Vice-Chairman, Windsor 
D. R. Hornell Treasurer 
George R. Jackson ; Secretary 
Address of Secretary: 343 Durie St., 
Toronto, Ont., Can. 


Chairman 
. Vice-Chairman 


Oregon Section 


Fred D. Fulton : Chairman 
Arthur Lyle Donaldson Vice-Chairman 
Earl M. Kruger 
Vice-Chairman, Diesel Engine 
Alfred Calderero 
Vice-Chairman, Fuels & Lubricants 
W.H. Paul 
Vice-Chairman, Students 
Pete T. King Vice-Chairman, 
Transportation & Maintenance 
Norman B. Chew 
Vice-Chairman, Truck & Bus 
Don M. McGuire Treasurer 
Malvin S. Everist ; Secretary 
Address of Secretary: 1940 N. E. 138th 
Pl., Portland 20, Oregon 


Philadelphia Section 


Edward L. Dold Chairman 
Laurence J. Test . Vice-Chairman 
Kazimierz Korsak 
. Vice-Chairman, Aerospace 
Donald P. Osterhout, Jr. 
Vice-Chairman, Fuels & Lubricants 
Robert B. Brown . Vice-Chairman, 
Transportation & Maintenance 
Frank H. Whiting 
Vice-Chairman, Truck & Bus 
Richard E. H. Berryman Treasurer 
Karl F. Green .. Secretary 
Address of Secretary: 2013 Longcome 
Drive, North Graylin Crest, Wilming- 
ton 3, Del. 


Pittsburgh Section 


Don W. Gow ... 
William C. Weltman, Jr. 
Vice-Chairman 
Charles E. Wolmer ... 
Vice-Chairman, Oil City Region 
William G. Stanier . Treasurer 


continued 
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SAE Section Officers 


. continued 


H. H. Donaldson, Jr. Secretary 
Address of Secretary: Gulf Res. & Dev. 
Co., Box 2038, Pittsburgh 30, Pa. 


Rockford-Beloit Section 


Roger E. Miller 
Evert L. Benstrom 
Jay R. Sturm 
Vice-Chairman, Aircraft 
John M. Olson Vice-Chairman, 
Farm Construction & Industrial 
Machinery 


Chairman 
Vice-Chairman 


Earl A. Ustruck 
Vice-Chairman, Power Plant 
Wilson P. Green 
Vice-Chairman, Production 
Henry C. Stricker, Jr. . 
Vice-Chairman, Truck & Bus 
Hugo F. Budzien Treasurer 
Clarence H. Schowalter Secretary 
Address of Secretary: 1633 Crescent 
Dr., Beloit, Wisconsin 


St. Louis Section 


William Gabbert 
Gordon L. Scofield 
Kenneth E. Devine 
Vice-Chairman, Aircraft 
Fred W. Schnackenberg 
Vice-Chairman, Diesel Engine 
John S. Coon 
Vice-Chairman, Fuels & Lubricants 
Joseph M. Levon Vice-Chairman, 
Parts & Accessories 
John G. Hessburg 
Vice-Chairman, Students 
Robert G. Bakula Vice-Chairman, 
Transportation & Maintenance 
George Moore Treasurer 
Robert P. Lindeman Secretary 
Address of Secretary: 460 Holiday Hill, 
Florrisant, Mo. 


Chairman 
Vice-Chairman 


Salt Lake Group 


Lionel G. Wildey 
Paul E. Thompson 
Daniel W. Hoffman 
Secretary-Treasurer 
Address of Secretary-Treasurer: 3573 
Eastwood Dr., Salt Lake City, Utah 


Chairman 
Vice-Chairman 


San Diego Section 


Frank B. Tipton 
George C. Younie 
Henry W. Callihan 
Frank U. Hill, Jr. Secretary 
Address of Secretary: Solar Aircraft 
Co,. Sub., Int’l Harvester Co., 2200 Pa- 
cific Hwy., San Diego 7, Calif. 


Chairman 
Vice-Chairman 
Treasurer 


South Texas Group 


B. Chope Dial 
Robert E. Engelhardt 
Heinz G. Buschfort Treasurer 
Edward A. Garner Secretary 
Address of Secretary: 529 E. Craig P1., 
San Antonio 12, Texas 


Chairman 
Vice-Chairman 


Southern California Section 


Harold E. Herdrich Chairman 
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Gilbert Way 
John C. Barnes 
Vice-Chairman, Aero-Space 
Frank T. Nemits 
Vice-Chairman, Fuels & Lubricants 
Wilber E. Davidson 
Vice-Chairman, Passenger Car 
Thomas H. Hardgrove 
Vice-Chairman, Production 
John O. Longenecker 
Vice-Chairman, Power Plant 
Leonard P. Richardson Vice-Chairman, 
Transportation & Maintenance 
Leo Lofchie 
Vice-Chairman, Truck & Bus 
M. K. Carter Treasurer 
R. K. Polak ’ Secretary 
Address of Secretary: 5921 Oakbrook 
St., Long Beach 15, California 


Vice-Chairman 


Southern New England Section 


John H. Dittfach 
Walter J. Gewinner 
Gilmoure N. Cole 

Vice-Chairman, Aeronautics 
Robert C. Olsen 

Vice-Chairman, Bridgeport 
W. E. Bancroft . Vice-Chairman, 

Engineering Materials 

Donald R. Olson 

Vice-Chairman, New Haven 
Mark Goedecke 

Vice-Chairman, Production 
Albert A. Marchetti 

Vice-Chairman, Springfield 
Waldemar Bischoff Treasurer 
Robert J. Black . Secretary 
Address of Secretary: 43 Vincent Dr., 
West Springfield, Mass. 


Chairman 
. Vice-Chairman 


Spokane-Intermountain Section 


Hubert F. Randall Chairman 
Lloyd G. Massender .. Vice-Chairman 
George S. Headstrom . Treasurer 
Cliff H. Dunn . Secretary 
Address of Secretary: 4228 Conklin, 
Spokane 36, Wash. 


Syracuse Section 


Thurman O. Ruettinger 
Alexander H. Dunbar . 
Youston Sekella 

Vice-Chairman, Elmira 
Edwin B. Watson 

Vice-Chairman, Sidney 
W. Chapin Condit Treasurer 
Warren E. Biesemeyer Secretary 
Address of Secretary: 214 Windemere 
Rd., Syracuse 4, N. Y. 


Chairman 
Vice-Chairman 


Texas Section 


Harold H. Edwards, Jr. 
William R. Janowski 
M. A. Atkins 
Vice-Chairman, Aircraft 

William P. Goode 

Vice-Chairman, Automotive 
Jack W. Myers . Treasurer 
David H. Norton : Secretary 
Address of Secretary: 1510 Carswell 
Terrace, Arlington, Texas 


Chairman 
. Vice-Chairman 


Texas Gulf Coast Section 


Donald W. Wing Chairman 


Paul G. Anderson 
John P. Peet 
Vice-Chairman, Fuels & Lubricants 
Arthur J. Smith 
Vice-Chairman, Power Plant 
O. H. Stelter, Jr. 
Vice-Chairman, Production 
James B. Turner Vice-Chairman, 
Transportation & Maintenance 
Ivy B. Langford 
Vice-Chairman, Truck & Bus 
Robert J. Masar Treasurer 
John W. Kelly, Jr. Secretary 
Address of Secretary: E. I. du Pont de 
Nemours & Co., Inc., Petroleum Chemi- 
cals, 4141 St. Dennis St., Houston 4, 
Texas 


. Vice-Chairman 


Twin City Section 


Jack B. McFail 
Harvey Turner 


Chairman 
Vice-Chairman 
William L. Bruggeman Treasurer 
Charles E. Grimes ; Secretary 
Address of Secretary: 8530 Haeg Dr., 
Minneapolis 20, Minn. 


Virginia Section 
Carroll S. Winn 
Edwin S. Hawkins 
Charles W. Galloway Treasurer 
Eugene B. Sidoli, Jr. Secretary 
Address of Secretary: Bingham Truck 
Serv., 107 W. Canal St., Richmond, Va. 


Chairman 
. Vice-Chairman 


Washington Section 


C. P. Hoffmann, Jr. 
Walter L. Flinn, Jr. 
Turner Duncan 
Vice-Chairman, Aircraft 
Victor H. Bernardi 
Vice-Chairman, Ground Support 
Louis Reznek Vice-Chairman, 
Transportation & Maintenance 
J. E. Johnson Treasurer 
D. Barry Boyce Secretary 
Address of Secretary: 8508 16th Street, 
Silver Spring, Maryland 


Chairman 
. Vice-Chairman 


Western Michigan Section 


Calvin N. DeBruin 
Morris V. Dadd 
William G. Jacobitz 

Vice-Chairman, Grand Rapids 
Thomas J. Cribbs 

Vice-Chairman, Kalamazoo 

Kenneth M. Cloud Treasurer 
Daniel B. Kuiper Secretary 
Address of Secretary: 1761 Langley St. 
S.E., Grand Rapids 8, Mich. 


Chairman 
. Vice-Chairman 


Wichita Section 


Ralph W. Dagenais 
Gerald O. Deneau 
Donald J. Ahrens 
Robert W. Burnham 
Address of Secretary: 
Wichita 14, Kansas 


Chairman 

. Vice-Chairman 
Treasurer 
Secretary 

117 E. 17th, 


Williamsport Group 


Bernard L. Sharon 
Frank W. Riddell 
Warren R. Horak 
John F. Fowler, Jr. : 
Address of Secretary: R. D. 2, Mon- 
toursville, Pa. 


Chairman 

. Vice-Chairman 
. Treasurer 
Secretary 
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Cessna Model 310F. Powered by 
two Continental Model 10470-D 
260-hp Fuel Injection Engines. 


— MULTIPLYING THE MOBILITY 
OF KEY PERSONNEL 


The widening use of aircraft as tools of modern business 
rests on the solid basis of utility alone. Company after 
company has found that corporate aircraft more than pay 
their way, by multiplying the mobility of key personnel, 
speeding urgent deliveries, cutting down waste of time. 


When YOUR company moves to 
clinch this competitive advantage, 
make sure that it goes all the way. 
Get the dependability that’s backed 
by established worldwide service, 
by choosing a business aircraft 
with Continental power. 


Beechcraft Model 33. Powered 
by Continental Model 10470-J 
225-hp Fuel Injection Engine. 


AIRCRAFT ENGINE. DIVISION ... MUSKEGON, MICHIGAN 
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CRC Issues Octane 
Ratings for 1960 Cars 


HE Coordinating Research Council's 

octane number requirement survey 
of 1960 production cars is now avail- 
able from SAE as CRC Report 353, 
“Octane Number Requirement Survey 
1960.” 

This 108-page report is a compila- 
tion of data on 507 cars obtained from 
27 laboratories. Of these, 386 cars 
were chosen in proportion to their 
registration. The remainder consisted 
of 25-car samplings of selected models. 
Results show: 


e Estimated octane number require- 
ments of full-boiling range reference 
fuels for 1960 cars is lower than for 
1959 cars. 

e Tendency toward high-speed knock 
with full-boiling range reference fuels 
remained the same with approximately 
10% of the cars exhibiting maximum 
knock at or above 2,350 rpm in both 
1959 and 1960 models. 

e 10% of the cars tested in 1960 had 
maximum requirements at part throttle 
compared with 6% of 1959 cars. 

e Knock on tank fuel was reported 
by owners for 20% of all 1960 cars, but 
test observers found it to be 32%. 

The 1960 survey is the 13th in an 
annual series on overall octane re- 
quirements and the 4th in which new- 
design and _ special-interest models 
were included. 

Mi To Order CRC Report 353 .. . 
from which material for this article was 
drawn, see p. 6. 


Army Ordnance Seeks 
All-Purpose Brake Fluid 


Da On paper by 


C. F. PICKETT 


3 


Oratory 


RMY Ordnance would like to see a 
single, polar-type, hydraulic brake 
fluid developed to serve for packaging, 
standby storage, heavy-duty, and Arc- 
tic operations. It now has three fluids 
—a preservative limited operational 
fluid, heavy-duty, and Arctic grades. 
In view of the trend toward higher- 
temperature operation, it would help 
if suitable properties to meet it were 
included in this single fluid or, if that 
is impossible, added to the present 
heavy-duty fluid. Brake fluids having 
considerably higher boiling points have 
been made and examined, but they 
have proved more difficult to inhibit 
against corrosion. Furthermore, they 
show a fast drop in boiling point with 
the addition of small percentages of 
water. 
It is well recognized that brake fluids 


(continued on page 129) 
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Want to TALK GEARS ? 


get down to brass tacks quickly with a 


DOUBLE DIAMOND engineer 


All Double Diamond representatives are engineers 
whose specialty is gears. Whether you’re in the 
thinking, planning, or blueprint stage you can get 
help from a Double Diamond specialist, whether you 
buy or not. One thing is certain. If you buy, Double 


Sarton 


Diamond gears will measure up to your require- 
ments and ours... will produce low installed cost 

. will serve economically and dependably .. . will 
do credit to your product and reputation. A phone 
call or letter will have you “talking gears” soon. 


AUTOMOTIVE GEAR DIVISION 


MANUFACTURING COMPANY 


RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 





(continued from page 127) 

do take up some water during the 
normal operation of a vehicle, and the 
figure may go as high as 5%. Even 
with half this amount of water the so- 
called high-temperature fluids drop 
back very close to the boiling point of 
the heavy-duty fluids with a like 
amount of water. 

Another possibility for the future is 
a mineral fluid or mineral-type fluid 
such as MIL-—H-5606. Mineral-type 
fiuids have a very wide temperature 
range of operation. Oils such as MIL-— 
H-5606 are fluid at — 65 F and yet have 
flash points considerably in excess of 
our heavy-duty brake fluid. Their 
nonpolar characteristics make them 
suitable for packaging and standby 
storage. 

Mineral oil has shown one fault in 
field tests. It has no tolerance for 
water. Tests in a desert revealed the 
accumulation of a small amount of 
moisture in the master cylinder caused 
by the normal breathing action of the 
assembly. Upon standing, the water 
settled to the bottom to cause corrosion 
These small pits would have caused 
eventual cutting or gouging of the 
rubber cup. Acrylonitrile-type cups 
were used in this test and were found 
to be completely satisfactory with 
mineral oil fluid. This problem points 
to a closed system as being, perhaps, 
better than our present breathing-type 
of master cylinder or, as an alternative 
making mineral oil fluids tolerant to a 
small percentage of moisture. 


Rubber Cups Could Be Improved 


Ordnance would also like to have 
synthetic rubber cups that meet all 
military requirements. Existing types 
are prone to cause a high degree of 
corrosion at the interface of the cup 
with the cast-iron wall. Cold tem- 
perature operation of synthetic cups 
has been noticeably bad from the 
standpoint of leakage. The cups tend 
to take a cold set, become distorted in 
shape, and do not give a proper seal. 


Wi To Order Paper No.C2... 
from which material for this article was 
drawn, see p. 6. 


Line Primers Slow 
Passenger-Car Corrosion 


rt | 


R. E. WICKHAM 


INC-RICH PRIMERS are success- 
fully controlling passenger-car cor- 
rosion. This is particularly significant 
in the case of the unitized body, the 
strength of which cannot be jeopard- 
ized by premature corrosion without 

inviting disaster. 
Zinc-rich coatings contain a high 

(continued on page 130) 
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FLEXIBLE SHAFTS 


the secret of Ford’s swing-away wheel 


The secret of the new swing-away steering wheel in the Ford 
Thunderbird is a flexible shaft between the stub shaft in the 
steering gear box and the upper steering rod. 


Here are the benefits derived from flexible shafts: 

1. Safety. Safety against failures is provided. 

2. Durability. Flexible shafts eliminate the possibility of 
play or lost motion at this juncture for the life of the car. 
3. Compact. The flexible shaft is more compact than con- 
ventional joints. 


4. Strength. In case of power steering failure, the maxi- 
mum torque would be 660 pound-inches, which would occur 
during parking on dry pavement. The flexible shaft can 
absorb this and much more. 

Here is another example of creative engineering with 
flexible shafts. Investigate for yourself how they can solve 
many of your design problems and at the same time 

reduce costs. 


S.S. WHITE INDUSTRIAL DIVISION, 
DEPT. 30F 10 East 40th Street, N. Y. 17, N. Y. 


THE S. S. WHITE FLEXIBLE SHAFT HANDBOOK 
New 4th Edition...Send for your free copy! 


a SP 


FIRST NAME 
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percentage of finely divided zinc dust 
dispersed in one of many suitable bind- 
ers. Normally these coatings contain 
90-95% by weight of zinc metal based 
on the dry film. Automobile manufac- 
turers have selected this primer be- 
cause of its weld-through properties 
and for the cathodic protection af- 
forded to ferrous metals. 

The theory of cathodic protection 
can be explained in this way: two met- 
als are joined together and immersed 
in an electrolyte. A galvanic cell is 
formed and metallic ions go into solu- 


tion from the anode (in this case, zinc), 
while the cathode (steel) remains un- 
changed. Obviously, the § sacrificial 
protection afforded by zinc would be 
expensive and short-lived if full, con- 
tinuous electrolytic action took place. 
Fortunately, in the most conductive 
zinc coating atmospheres the action 
eventually deposits on the steel sub- 
strate and the zinc primer itself a com- 
plex of zinc hydroxide or, in some 
cases, zinc carbonate which slows up 
further reaction by weakening the flow 
of current. Also, the precipitates 
themselves offer barrier protection to 
the steel. 

Zine primer is applied by brush or 
spray to film thicknesses of 2-5 mils, 
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PALNUT FASTENERS are rigidly quality-controlled 


ea AyD Co 


© UNIFORM QUALITY 


Low-cost PALNUT Fasteners are 
precision-produced in huge volume, 
under strict quality control, on 
modern, high-production equipment. 
Absolute uniformity of dimensions, 
form, temper and assembly charac- 
teristics, plus specially designed 
PALNUT magnetized tools, assure 
uniform, high-speed assembly and 
reduced rejects. 

® RELIABLE PERFORMANCE 
Each lot of PALNUT Fasteners is 
performance-tested—assures predict- 
able torque and tensile performance. 
Unfailing spring locking action keeps 


CNC Ut 


parts tight. Plating and finishing 
strictly meet specifications. 


@ DEPENDABLE DELIVERIES 
High-capacity production facilties, 
huge stocks and systematic follow-up 
assure on-schedule deliveries from 
our home plant, plus shipments from 
our Detroit warehouse to meet emer- 
gency needs. 


Write for detailed catalogs on many types 
of PALNUT Lock Nuts, Fasteners and Tools. 
Describe application for free samples. 


THE PALNUT COMPANY 
70 Gien Road, Mountainside, N. J. 
DIVISION OF UNITED-CARR FASTENER CORPORATION 
District Office: 
730 W. Eight Mile Rd., Detroit 20, Mich. 


UT LOCK NUTS <3? 
antl 


covering areas most susceptible to cor- 
rosion, such as welded joints, flanges, 
inner door panels, wheel housings, and 
other road-dirt and moisture-collecting 
areas. Zinc-rich coatings have been 
successfully applied over mill oil sur- 
faces, demonstrating good adhesion 
after a 15-min, 350 F bake schedule 
and excellent salt-spray resistance. 
Laboratory tests show little differ- 
ence in the cathodic protection be- 
tween zinc-phosphate-treated steel and 
steel with oily surfaces. This same 
protection can be obtained when the 
zinc primer is applied over wiped sur- 
faces of drawing compound. Salt- 
spray corrosion tests show that zinc 
overspray on a zine phosphate surface 
produces blistering after subsequent 
coats of primer and baking enamels. 
Extreme caution must be exercised to 
prevent this from occurring on the ex- 
terior surfaces of the automobile. 


How to Insure 


Die ae Success 


RICHARD ) STENBERG 
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ONCERNS undertaking aluminum 

die casting for the first time can 
save themselves from headaches and 
possible failure if they make sure they 
have the following: 


e Some experienced personnel. 

e Proper casting design. 

e A suitable labor contract. 

e Properly designed die cast dies and 
tools. 

eA building constructed for 
casting. 

e Maintenance facilities for dies and 
machines. 

e A good quality control program. 


die 


Good operators are hard to find, but 
you must have at least a few men ex- 
perienced in the type of machine to 
be used, the alloys to be cast, and the 
type and purpose of the die castings to 
be produced. 

Good casting design depends on the 
competence of the engineer, and men 
who really know the business are in 
short supply. With the very first line 
placed on paper, the engineer begins 
to determine cost, weight, tooling ex- 
pense, number of parts per hour, and 
maintenance expense. Unless the de- 
signer knows his job, the program will 
fail. 

Existing work rules and contract 
provisions don’t always fit die casting. 
Inconsistent and interrupted operation 
of a die cast machine can result in 
poor quality castings, high scrap rates, 
and high maintenance. Fit needs into 
the labor contract and avoid trouble. 

In building a die casting die one can 
be penny wise and pound foolish. A 


(continued on page 133) 
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MECHANICS 
Gives YOUR PRODUCTS 


Conclusive tests have shown that using any 
of these rugged, powerful MECHANICS’ De- 
signed Roller Bearing UNIVERSAL JOINTS 
will give YOUR PRODUCTS more torque. 
More torque means more power. More 
power means more work capacity. More 
work capacity means more satisfied custo- 
mers. More satisfied customers means more 
business for YOU. 


Give your products top performance, top 
output, and a top production rating that 
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is free from service troubles. Specify 
MECHANICS Roller Bearing UNIVERSAL 
JOINTS, 


Combine MECHANICS’ proven production 
flexibility, manufacturing efficiency and 
many, many years of experience with YOUR 
PRODUCT for a powerful increase of YOUR 
SALES. Write today for our NEW FREE 
CATALOG J-1960, which gives dimensions, 
capacity tables and complete specifications. 
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THESE GOOD DIESELS DEPEND ON HMS ROOSA MASTER 


In less than 10 years more than 250,000 

Roosa Master fuel injection pumps will have 
served as the heart of these famous diesels. 
Problems of engine manufacturers have 

been our greatest asset. Solution of these have led 
to greater simplicity, greater 

versatility and increased engine efficiency. 
Tomorrow’s Roosa Master pump will be even 

more compact, more economical and more versatile. 
Let our research team help you before you design your 
next diesel. Hartford Machine Screw Company, 
Division of Standard Screw Company, 

Hartford 2, Connecticut. 


make your good diesel better with ROOSA MASTER 
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moderate extra expense for steel to 
insure serviceable dies is usually a 
sound investment. 

Heat, smoke, and fumes are a normal 
accompaniment of die casting and 
buildings should be constructed to be 
fireproof and capable of proper venti- 
lation. Existing buildings rarely meet 
requirements. 

Proper maintenance of dies and ma- 
chines is essential. Few machine tools 
require the “fine tune” of the hydraulic. 
system of a die cast machine. Mainte- 
nance personnel must understand 
their job and do it properly or castings 
will be of poor quality. 

A complete program of quality con- 
trol is as essential to a die cast plant 
as is the die cast machine or the die 
cast die. Quality control is a pro- 
fession in its own right. The casting 
inspector should have a reasonable 
knowledge of how the casting is to be 
used and what subsequent machining 
and finishing will be required. It is 
wise to have records and an inspection 
guide to enumerate the conditions to 
be kept under surveillance. 


Wi To Order Paper No. 389C .. . 
from which material for this article was 
drawn, see p. 6. 


Malleable Iron Rings 
Cause Cylinder Scuffing 


n paper by 


GEORGE C. LAWRASON 


Kesearcn institute 


F. RAINOSEK, JR. 


JOHN 


and WILLIAM P. WISDOM 
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HE PRIME cause of scuffing of 

R-4360 Pratt and Whitney chrome- 
plated cylinder bores has been found 
to be the malleable iron rings of the 
type supplied by the Air Force which 
are incompatible with the bores. 

These rings may be serviceable in 
steel cylinder bores, but their margin 
of scuff resistance is far less than that 
of grey cast-iron rings. Alloyed cast 
iron and AMS-7310 ring materials are 
satisfactory from the standpoint of 
compatibility, and the alloyed type has 
superior strength. 

Overhauled cylinders, chrome-plated 
to MIL-C-7460, are serviceable as sup- 
plied to the Air Force, but the addition 
of a light electrolytic etch to MIL-C- 
7460 will add a small margin of safety 
to scuff resistance. 

The investigations which led to these 
conclusions were carried on with a 
single-cylinder, Pratt and Whitney 
test engine which proved to be an ideal 
tool for examining R-4360 ring-piston- 
cylinder assembly performance. Al- 
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though it is not easy to compare 
severity with the full-scale engine, it 
was possible to duplicate the scuffing 
phenomenon experienced in the full- 
scale engine. 

None of the “fixes,” such as assisting 
the break-in with additives in the 
lubricating oil, baked on the cylinder, 
or applied to the piston rings, was 
effective in eliminating the scuffing 
tendencies of the malleable iron rings. 
On the other hand, even accelerated 
break-in procedures failed to promote 
scuffing when cast-iron rings were 
used. 


Wi To Order Paper No. 373A... 
from which material for this article was 
drawn, see p. 6. 


Magnetic Fields 
fabricate Parts 


ARTHUR R. GARMENDIA 


ma ircra gC 


AGNETIC FORMING of parts is 

accomplished by using two mag- 
netic fields — one created by a round 
core in the center of a chamber, the 
other created around the outside of 
the chamber. 

A part inserted between the two 
magnetic fields remains in static equi- 
librium since it is subject to an equal 
force from both fields. 

By suddenly collapsing one of the 
fields the part is drawn, at extremely 
high speed, into the remaining field 
where it takes on the shape of any 
die placed in its path. 

Based on report of discussion at 
panel on Production Fabrication Proc- 
esses—N. A. Williams, Grumman 
Aircraft Engineering Corp., chairman. 


Tests for Transmission 


Fluids Up-Dated by CRC 


HE recently up-dated CRC research 

technique for determining oxidation 
resistance and thermal stability of 
power transmission fluids is detailed 
in CRC Report 352, “Reproducibility 
of Research Technique for Determin- 
ing the Oxidation Resistance and 
Thermal Stability of Power-Trans- 
mission Fluids.” In addition to de- 
scribing the latest test procedures, the 
60-page report summarizes test pro- 
grams leading to the modification of 
CRC Designation L-39 (predecessor of 
the new L-39-361). 


Wi To Order CRC Report 352 .. . 
from which material for this article was 
drawn, see p. 6. 


KOHLER 
PRECISION 
CONTROLS 


New high pressure, 
in-line, relief valves 
with low hysteresis 


MATERIAL—Aluminum, Steel, 
Stainless Steel 
CONNECTIONS—AIll Types 
WORKING PRESSURE— 1500 to 
; 3000 PSI 
PROOF PRESSURE—2250 to 
4500 PSI 
BURST PRESSURE—3750 to 
7500 PSI 
OPENING PRESSURE—O to 2250 PSI 
RESEAT PRESSURE—10% Below 
Opening Pressure 
LEAKAGE—0 at Reseat Pressure 


Ultra-sonic cleaning facilities. 
Kohler valves and other precision 
parts are assembled, tested, and 
packaged in dust controlled areas 
for minimum contamination. 


Complete facilities in one plant, 
under unified supervision, insure 
reliable quality control and 
prompt deliveries. Kohler valves, 
fittings and parts are used by 
leading manufacturers for indus- 
trial equipment, automotive, air- 
craft and missile applications. 
Write for catalog. 


Kohler Co. Established 1873 
Kohler, Wis. 


KOHLER or KOHLER 





There’s an 
R/M 

friction part 
in every make 
automatic 
transmission 


... because only 
Raybestos-Manhattan 
makes all types of 
friction materials! 
For example: 


Sintered metal plates 
Semi-metallic plates 
Cellulose plates 

Woven band lining 
Molded band lining 
Semi-metallic band lining 
Cellulose band lining 
Plastic friction dampeners 


What does this mean to you? It is 
your assurance of an unbiased rec- 
ommendation of the material best 
for your application. 

In addition, you can count on 
R/M for uniformly high quality; re- 
liability of supply; prompt and ex- 
tensive engineering, research and 
development assistance ; competitive 
prices. 

An R/M sales engineer can be at 
your desk within 24 hours if you 
will call or write. Meanwhile, why 
not send for our free bulletin of 
helpful engineering information on 
friction materials. 


RAYBESTOS-MANHATTAN, INC. 
EQUIPMENT SALES DIVISION: Bridgeport, Conn. 
Chicago 31+Cleveland 16+Detroit 2+Los Angeles 58 
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New Members Qualified 


These applicants qualified for admis- 
sion to the Society between July 22, 
1961 and August 22, 1961. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Alberta Group: Delmer Charles Stitt 
(A). 


Buffalo Section: John Albert Adamek 
(J), Robert Wilson Bowler (M). 


Central Illinois Section: Norman John 
Glomski (J), William A. Mitchener (J), 
Lloyd Ernest Terry (J). 


Chicago Section: E. Eugene Bruning 
(J), F. William Foss (M), Ralph 
Cooley Herdrich (A), Myron Reynold 
Holmgren, Jr. (J), Robert Jack Mel- 
nick (J), John Milton Moran (A), 
Patrick Lee Powell (A), William George 
Rogal (M). 


Cleveland Section: Derek Dawson (M), 
Harold A. Frost (M), Norman C. Jack- 
son (M), Loran Edwin Manning (M), 
Gordon F. Somers (A), Gene David 
Wall (J). 


Colorado Group: William Edward 
Zebley (J). 


Dayton Section: Ronald Jerry Cole- 
man (A), Robert Hall (J), Byron 
Warren Koch (M), Howard C. Sunder- 
man (M). 


Detroit Section: Bernard Adinoff (M), 
Thomas Harry Baylis, Jr. (M), Marvin 
S. Blemly (A), David Garrett Boone 
(J), James Reed Brown (J), Allen 
Keith Carpenter (M), William Lee 
Carpenter (M), George W. Code (A), 
C. A. Degucz (M), Curtis Frank 
Druckrey (J), Myron Phenando Ellis 
(A), Harry John Foehringer (M), 
Robert William Gillison (A), J. Ernest 
Gross, Jr. (A), Francis E. Heffner 
(M), Arthur William Hesskamp (J), 
Byron H. Hooker (M), Peter Kalil (M), 
Norman Stout Knauss (A), James C. 
Louton, Jr. (J), Marvin Allen Maten, 
Jr. (J), Frederick Stephen Murley (J), 
Edwin Arter Norris (M), Howard Dean 
Peacock (M), D. Rene Politis (M), 
Joseph Bengamin Reineke (A), Jerome 
Robert Singer (M), Donald Casteel 
Stoeckel (J), Thomas Harold Wendt 
(J). 


Fort Wayne Section: Robert William 
Kickel (A). 


Indiana Section: Norman Rush Brock 
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(M), Robert Allen Cheetham (M), 
James D. Coffelt (A), Harold Vernon 
Elliott (M), Calvin S. Kunkle (J), Wil- 
liam Merton Scott (A). 


Kansas City Section: Gene S. Hend- 
ricks (A), E. R. Howell (A). 


Metropolitan Section: Lawrence W. 
Bierman (A), Henry Joseph Goffi (J), 
Irwin Gray (J), Angus McPherson 
Laidlaw (A), Gerald Richard Martas 
(J), William M. Morrison (A), Michael 
C. O’Connor (A), Richard Charles 
Sasse (M), Ray Livingston Vroome 
(M). 


Mid-Michigan Section: Louis N. Ca- 
patanos (M), Robert J. Ruggles (M), 
Thomas R. Wiltse (M). 


Milwaukee Section: Richard Robert 
Booy (M), James John Carravetta (A), 
James F. Efflandt (M). 


Montreal Section: John Anderson 


(M). 


New England Section: John E. Calley 
(A), James E. Cumming (A), Frederic 
G. Davis (A), Joseph Edward Dwyer 
(A), John Ward Harrison (M). 


Northern California Section: Roy Bear- 
dall (A), Daniel Curtis Durie (J), 
Robert Alan Escobar (J), George 
Semones Kent (M), Arthur Stoneman 
Pedrick (M). 


Northwest Section: Robert Daniel 
Hayes (A), Raymond Howard Rock- 
stead (J). 


Ontario Section: Charles Douglas Met- 
calfe (M), Borge Rommelhof Reimer 
(M). 


Philadelphia Section: 
Raphael (A). 


Donald John 


Pittsburgh Section: E. G. Delestienne 
(A), Eber W. Gaylord (M), William 
Donald Lion (M), Robert Earl Quigley 
(J). 


St. Louis Section: James John Rezny 
(J), 2/Lt. Edward C. Sarlls (J), David 
Edward Taylor (J). 


Salt Lake City Group: John Jacob 
Brunner (J). 


San Diego Section: William Roy 


Wodell (J). 


South Texas Group: Leonard Monroe 
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DeMasters (A). 


Southern California Section: Russell 
Daniel Barnes, Jr. (J), Zola Fredrick 
Carper (A), Patrick John Imbriano 
(J), Don C. Lougheed (A), Keith L. 
Mackie (J), James Parry Oakes (J), 
Robert L. Scott (J), Elmer Francis 
Ward (M), Thomas Francis Warren 
(A). 


Texas Section: Ernest Victor Bunata 


(J). 


Texas Gulf Coast Section: Gordon 


Koehl Morgan, Jr. (A). 


Twin City Section: Donald E. Gles- 
mann (J), Edgar M. Resel (A). 


Washington Section: Maurice Herbert 
Wright (A). 


Western Michigan Section: Mervin 


Russell Patterson (A). 


Outside Section Territory: Carl Joseph 
Anglin (J), Joseph Fernand Blais (A), 
Edwin Francis Kalvin (M), Nathaniel 
Dare Lamberson (M), Allen Leroy 
Summers (M). 


Foreign: Frank App, Jr. (M), Saudi 
Arabia; Raul Oscar Capuano (M), 
Argentina; Hans Hessler (M), Brazil; 
Francesco Lanzara (M), Italy; Jam- 
bunathan Venkataraman (J), India. 


Applications Received 


The applications for membership re- 
ceived between July 22, 1961 and 
August 22, 1961 are listed below. 


Atlanta Section: Christian 


Schwanebeck 


Joseph 


British Columbia Section: John Kem- 
ble Foster 


Buffalo Section: Charles Edwin Fisher, 
Donald D. Hipwell, Bruce D. Kellner, 
Edward Lawrence Maguire, Jr., Wil- 
liam Edward Rogerson, Frank Ro- 
maniw, Frank Edward Sapecky, 
Seymour Seigel, David Alfred Sterry 


Central Illinois Section: Dave Henry 
Eber, Ralph Edward Jones, Walter 
Edgar Knepp, Robert LaVerne Mal- 
colm, Ibrahim Nicola Nijmeh 


(continued on page 137) 


Photo courtesy Douglas Aircraft Company, Inc. 


11 Ways 72z-BOND. \ihesives 
Solve Tough Fastening Problems 


New bonding and laminating techniques at 
R/M help solve difficult fastening problems 
and thereby make possible many of the new 
products being developed and produced by 
America’s advancing technology. The ad- 
vantages of Ray-BOND adhesives include: 
Rivets can be eliminated « Members too thin to rivet 
can be joined and fixed e Manufacturing costs are 
reduced « Life of wearing surfaces is extended « Heat 
conductivity is improved e Weight reduction is sub- 
stantial ¢ Load is uniformly distributed over joint area 
« Bond produces residual elasticity « Complex shapes 
can be easily fabricated « Electrical non-conductivity 
and protection against corrosion can be achieved « 
Methods of application are fast, economical, flexible 


Counsel and detailed technical information 
regarding the selection and application of 
adhesives are freely available to you from 
Raybestos-Manhattan. An R/M representa- 
tive can call on you promptly to discuss 
your requirements. 


MAIL COUPON FOR FREE BULLETIN 


iu 


Please send me a free copy of your new technical 


| 

| 

7 | 
Bulletin No. 701. | 
ae ee ee | 

| 

| 

| 


RAYBESTOS-MANHATTAN, INC. 
Adhesives Dept., Bridgeport, Conn. 


Name. CC ——— 
Fir 

Addr 
Oe 


cnae cries uaem cies atin cite cine enn eams exes comm wets all 
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A BIG PROBLEM IN CONTROL 


No matter how large the equipment 
you design, there’s a Blood Brothers 
steering or jointed driving assembly 
big enough to do the job. One 
example of large size Blood Brothers 
components is the L6S Steering 
Assembly used on the LeTourneau- 
Westinghouse Haulpak Coal Hauler. 


This mammoth, highly maneuver- 
able “mountain mover” is a bottom- 
dump 450 h.p. diesel unit that weighs 
37 tons. Yet it carries 242 times its 
own weight in payload, or the equiv- 
alent capacity of over one and one- 


BLOOD BROTHERS jointed steering assembly guides 
giant Lelourneau-Westinghouse coal hauler! 


half standard 50-ton railroad cars! 


Rockwell-Standard’s Universal 
Joint Division offers you a wide 
range of specialized engineering ex- 
perience—involving everything from 
manual steering assemblies... to 
power take-off drives ...to heavy- 
duty propeller shafts. Whatever size 
and type equipment that you have 
in the planning or design stage, 
Rockwell-Standard can save you 
time, money — help you achieve 
higher standards of performance. 
Let us prove it—on your project! 


Write for complete information 


ROCKWELL-STANDARD 


CORPORATION 


aR 


ea 


»n, Allegan 
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Applications Received 


Continued 


Chicago Section: Earl Thomas Acton, 
Richard J. Binder, Carl Martin Bloom, 
Joseph James Castronovo, John 
Thomas Hall, John B. Helmer, Otto 
E. Johnson, Raymond Martin Larson, 
Andrew F. Raab, David W. Ryan, 
Joseph J. Walls, Eugene Barrett White, 
Jr. Allen D. Wolka, Richard Alan 
Young 


Cleveland Section: John Patterson 


Fitzgerald, Jr. 
Colorado Section: Wallace G. Martin 


Dayton Section: Philip Virgil Monnin 


Detroit Section: Albert N. Beswick, 
Lawrence D. Bischof, James Norman 
Ellis, Nels Leroy Hansen, Harold M. 
Haskew, Russell Clyde Holmes, Charles 
Richard Jones, Warren Frederic Kend- 
all, James H. Kennedy, Victor John 
Kowachek, Rusi Furdoonji Kutar, 
Joseph Charles Littmann, Robert Wil- 
liam Massberg, Richard V. Moxley, Lee 
Richard Musson, Joel Earl Peabody, 
Philip G. Robinson, Alex H. Samorek, 
Mitchell J. Simon, Donald Edward 
Stamp, John Patrick Thornton, Leo L. 
Vigi, Baird Wallace, David Lawrence 
Watkins, Warren Allen Wickland, 
Robert T. Woods 


Fort Wayne Section: George Emory 
Hecox, John Edward Ruppenthal 


Indiana Section: John James Misiolek, 
Jr., Donald Eugene Orem, Jack W. 
Schmidt, Charles B. Urban 


Kansas City Section: James William 
Walker 


Metropolitan Section: Mohamed Nour 
Eldin Aref, Harold Erich Bachman, 
Milton Carl Baxter, William George 
Burger, Raymond Lloyd Crosby, Her- 
bert E. Peitzer, William Hubert Schank, 
Martin John Tustin 


Mid-Continent Section: Joseph Robert 
Cook, Ernest R. Mach, Boyce Wayne 
O’Berg 


Mid-Michigan Section: Robert L. 
Danek, Peter Pardee, David Warring- 
ton Piper 


Milwaukee Section: Arnold C. Latus, 
Oscar Ernesto Stefanutti 


Montreal Section: Emile Daumont, 
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Malcolm Alastair Gray 


Northern California Section: William 
Thomas Deibel, Hideo Furiya, Roy V. 
Pogue, James Charles Rawlings, Errol 
Francis Reilly, Louis Maurice Rorden 


Northwest Section: John William Arm- 
strong, Jr., James Vance Lyons, Vernon 
James Phelps, David Bruce Walker 


Ontario Section: Bruce Malcolm Addi- 
son, Boyd Thomas Cochrane, Donald 
Michael Gillis, Kenneth O. Grant, John 
Edgar MacDonald 


Philadelphia Section: William J. Huth, 
Laverne Ellsworth Sheckenbaugh, 
Thomas Victor Travaglini 


Richard 
Kenneth 


Pittsburgh Section: Earl 
Fowler, Carl Edwin Muir, 
James Stauffer 


Rockford-Beloit Section: Ronald 
Wayne Nicolaus, Edward Henry Sima- 
nek 


St. Louis Section: Frederick Werden 
Balster, William Farley Kimzey, David 
O. Metz, Edwin Woodward Schisler 


San Diego Section: George Hayashi 


Southern California Section: James 
Stanley Arnold, John N. Calandro, 
John Phillip Edgar, Robert W. Jona- 
sen, Andrew Krzyzanowski, Sterrett 
Metheny, John Warren Moers, Harold 
Edward Moore, Darrell Edward Rolison, 
Earle LaForge Scofield, Jr., George Wil- 
liam Scott, Edwin Thomas Spencer, 
Dan L. Swannack 


Southern New England Section: Regi- 
nald James Smith 


Twin City Section: R. Frank Kehrberg 


Western Michigan Section: Alex Heath, 
Carl V. vonLinsowe 


Outside Section Territory: Edgar W. 
Almquist, James Edgar Bald, Donald 
Clyde Graesser, Jan Kerrebyn, Jr., 
David A. MacPherson, Oliver Percival 
Pederson, Bill Allison Tolson, Donald 
Henry Werle, Warren Milton Wiele 


Foreign: John Harold Andrew, Eng- 
land; Javier Fuster Conrado, Spain; 
Oktay Mustafa Erenturk, Turkey; 
Hassan Mohamed Hassan, Egypt; 
Eugen Wilhelm Huber, Germany; 
Narottam Lall Jain, India; R. Ravi 
Kumar, India; Gubbi Solur Kumara- 
swamy, India; Pierre M. Lancrenon, 
France; Noritada Oishi, Japan; George 
W. Reynolds, Lebanon; Ludwig Rosen- 
feld, England; Jacob Harmen Wyker, 
South Africa 


Spring silencers, heater 
ducts, and washer jars 
made of MARLEX* are 
low cost... improve 
performance 


Tough, long-lasting, graphite-impreg- 
nated interleaf spring silencers . . . flexi- 
ble and rot-proof heater ducts that resist 


tears and punctures . . . light, durable 
windshield washer jars that won’t shat- 
ter or burst, and are unaffected by freez- 
ing or under-the-hood temperatures! 
These three original-equipment items 
are examples of the ever-increasing num- 
ber of automotive components being 
made of MARLEX high density poly- 
ethylenes and ethylene copolymers. 

The advantages of using these high 
density plastics are many—better per- 
formance, economy, easier assembly, 
and molded-in texture and color if re- 
quired. Physically, MARLEX high qual- 
ity plastics are light, tough, corrosion- 
and rot-proof, non-allergenic . . . resist- 
ant to acids, alkalies, oil, and grease. . . 
unaffected by extremes of temperature 
(-180°F to 250°F). 

For more information on MARLEX, 
see your plastic fabricator . . . or con- 
tact us directly. 


MARLEX 


PLASTICS 


*MARLEX is a trademark for 
Phillips family of olefin polymers. 
PHILLIPS CHEMICAL COMPANY 
Bartlesville, Oklahoma 


A subsidiary of Phillips Petroleum Company 
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RECOMMENDED 
DR O.E.M. USE... 


when 

bearing 
requirements 

call for 


SOMETHING | 


McQUAY- 
NORRIS 


No matter what type of bearing — babbitt, sintered copper-lead, aluminum — 
McQuay-Norris makes 'em! And from our years of experience, you can be 
sure of that something extra in quality and performance. 


McQuay-Norris bearings are made to S.A.E. specifications. They are precision 
designed to give superior service...cooler running... better heat transfer. 


For stronger and longer bearing life, you can depend on McQuay-Norris bearings. 


McQUAY-NORRIS MANUFACTURING CO., ST. LOVIS «+ TORONTO 





KNOW YOUR ALLOY STEELS... 


This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the infor- 
mation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


How Alloy Steels 
Respond to Induction Hardening 


In the induction-hardening process, 
steel is first heated above the trans- 
formation range by means of elec- 
trical induction, then quenched as 
required. Special equipment is 
needed, and heat is developed as 
follows: 

High-frequency alternating cur- 
rent passes through a coil or induc- 
tor, with the result that a magnetic 
field is created in the coil. When the 
piece to be treated is placed in this 
field, it is heated rapidly by induced 
energy. With the various types of 
induction-heating equipment, the 
process is capable of surface- or 
case-hardening to various controlled 
depths; however, through-harden- 
ing can be obtained with certain 
alloy steels. Ferrous metals that 
respond well to induction hardening 
include numerous grades of both 
alloy and carbon steels, as well as 
hardenable stainless steel and plain 
or alloyed cast iron. 

As a rule, when alloy steels which 
contain non-carbide-forming ele- 
ments, such as nickel, are heated 
by induction, the usual hardening 
temperatures can be used. But with 
alloy steels that do contain carbide- 
forming elements such as chromium, 
molybdenum, and vanadium, the 
hardening temperature must be 
increased if the normal effect of the 
alloying elements is desired. 

Hardness obtained by the induc- 
tion process is a function of the 
carbon content and prior structure, 
just as it is when conventional 


heating methods are used. Never- 
theless, higher surface-hardness 
values for a given carbon content 
have often been noted in parts sub- 
jected to surface induction-harden- 
ing. The extra hardness may be as 
much as five Rockwell C points for for Strength 


steels of 0.30 pct carbon. any 
. Versatility 


As pointed out previously, the 
induction method requires special 
equipment. However, it possesses 
several marked advantages, includ- 
ing speed of heating and cleanliness 
of operation. Pieces heated by in- 


-duction are usually subject to a 


minimum of scaling and distortion. 
Moreover, induction-hardening 
equipment is very compact and 
therefore conserves floor space. 

If you would care to know more 
about the induction hardening of 
alloy steels, please communicate 
with our technical staff. Bethlehem 
metallurgists have made a thorough 
study of the subject, including the 
many details of quenching and 
tempering. Call them if they can 
help you in any way. And remem- 
ber, too, that Bethlehem makes the 
full range of AISI standard grades, 
as well as special-analysis steels and 
all carbon grades. 


This series of alloy steel advertise- 
ments ts now available as a compact 
booklet, ‘“‘Quick Facts about Alloy 
Steels.”’ If you would like a free copy, 
please address your request to Publi- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. Export Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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New Light | Heavyweight... 
FULLER jy we 20%. 
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the lightest transmission designed for SPECIFICATIONS 
diesel engines—from 190 hp to 250 hp cae 


In keeping with the trend toward 
high capacity, light-weight compo- : 
nents, Fuller has released its new @ all helical gearing—low tooth 
Model 5-H-74 5-speed Transmission. pressures 
The NEW 5-H-74 offers: short, quick shifts—jaw clutch 

Model 5-HA-74... even lighter engaged 

weight — 93 Ibs. less — with alu- Model 5-H-74—46]1 Ibs 

i ; hort installation—25"%” i P 
minum case and clutch housing rg attation “- *Model 5-HA-74—368 Ibs. 


@ wide gear faces 


mainshaft of greater diameter ou c ae am ‘ 
: arts. 

high capacity mainshaft pilot extremely high ratio of capacity oe — 

bearing to weight Length: 25'% inches. 


2®FULLER TRANSMISSION DIVISION 


EATON MANUFACTURING COMPANY @@ 
KALAMAZOO, MICHIGAN 


Sales & Service: West. Dist. Branch, Ookland 6, Col. * Southwest Dist. Office, Tulsa 3, Okle, * Aytomotive Prod, Co., Ltd., Automotive House, Great Portland St., London W. 1, Eng., Evropean Rep. 
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PRESSURE? 


VISCOSITY? 


TORQUE? 


TEMPERATURE? 


POWER PROBLEMS? ... “tailored” hydraulic 


fluids meet new physical, chemical demands 


New developments and designs in 
hydraulic systems frequently ask for 
fluid performances that aren’t possible 
with present materials. And that’s 
where the Dow Automotive Chemicals 
Laboratory can step in and “tailor” a 
fluid that will meet just about any 
physical or chemical need. 


For many problems, a ready solution 
is frequently found by improving the 
existing formulation—for example, 
adding a thickener to alter viscosity 
characteristics. Other problems re- 
quire a totally new material. Here’s 
where the chemist has a special advan- 
tage—if he doesn’t have the right fluid, 
he can make it! At the Dow Auto- 
motive Lab the chemists and automo- 
tive engineers are particularly well 
equipped to create new hydraulic fluids 
to extremely exacting specifications. 


An example: a new Dow formulation 
was recently developed for a single 


central-power fluid to actuate 
steering, brakes, windows, and other 
accessories. To aid the Automotive 
Industry, the laboratory resources and 
experience are available to assist in 
particular problems. 

With Dow’s broad background in hy- 
draulic fluid technology and a long list 
of glycols, Dowanol® glycol ethers, and 
other polyols, a ready answer to many 
hydraulic fluid needs may be achieved. 
ENGINE COOLING. Ebullient cooling 
for passenger cars is under continu- 
ing research at the Dow Automotive 
Chemicals Laboratory. The increased 
flexibility of the system is expected 
to allow more freedom in the place- 
ment of radiators, for example, re- 
mote from their present location. This 
thought is intriguing to designers! 
VORACEL® foamed-in-place, rigid 
urethane is showing real economic 
advantages over cut-and-paste batt 


THE DOW CHEMICAL COMPANY 


applications. Application of the new 
water and chemical resistant foam 
may be either by a spray or pour 
operation for insulation, structural 
support, sound deadening, “pocket” 
sealing, and surface protection. 


DOW AUTOMOTIVE CHEMICALS 
LABORATORY 


Created expressly to serve the needs of 
the automotive industry, Dow's Automotive 
Chemicals Laboratory is active in technical 
service and development. This laboratory 
is continually researching and developing 
coolants, hydraulic fluids, cutting and grind- 
ing fluids, functional fluids, fuel and lubri- 
cant additives, and synthetic lubricants. To 
see how this laboratory can be of assist- 
ance to you, contact your nearest Dow 
sales office or write to Chemicals Merchan- 
dising in Midland. 


Midland, Michigan 





valve gear 
for any 
TIE TIT = 


Hydraulic and Mechanical Tappets (Barrel or 
Mushroom Type) of Alloy Steel, Hardened Alloy 
Cast Iron, Chilled Iron, or Alloy Chilled Iron 
¢ Push Rods + Adjusting Screws « Retainers & 


No matter what your valve gear requirements, it 
will pay you to check with Chicago’s Tappet Divi- 
sion. For here you get the benefits of specialized 
techniques and facilities which, in 25 years of pro- 
ducing tappets and other valve gear, have estab- 
lished long records of trouble-free service . 
verified in over 25 million engines. 

Chicago’s special staff of tappet engineers can 
provide complete valve train designs for all types 
of engines . . . car, truck, tractor, diesel . . . air- 
craft, outboard, power mower, or industrial. 


x 
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Their particular skill in development engineering 
will also prove a valuable addition to your own 
engineering staff. And the unique manufacturing 
and precision testing facilities especially developed 
by Chicago for valve train production provide you 
assurance of dependability and long life. 

Whatever your valve gear problem, just call 
Chicago’s tappet engineers today. You will find it 
advantageous to contact Chicago while you are 
still in the preliminary design stages. 


‘THE CHICAGO SCREW COMPANY 


ESTABLISHED 1872 e@ DIVISION OF STANDARD SCREW COMPANY 
‘ * 2701 WASHINGTON BOULEVARD, BELLWOOD, ILLINOIS 
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Independent planetary steering coupled to trans- 
mission permits positive power on both tracks 


of TD-25 crawler tractor. Transmission is built 
to last with gears of strong, tough AISI 4620. 


Steeled to move mountains 


Gears of AISI 4620 nickel alloy steel provide strength 
and stamina in the new International* TD-25 crawler. 


Whether push-loading, dozing or 
pulling, the International TD-25 
converts its full 230 hp to work 
power. On all these jobs, power train 
parts sustain severe shock, stress 
and compressive loading. 


To give this big tractor built-in 
endurance, International engineers 
specify AISI 4620 (1.8% nickel) 


for critical transmission gears. 


Gears made from carburized and 
hardened 4620 develop a strong, 
tough core beneath a hard case... 
withstand compressive loading up 
to 210,000 psi. 


This is an example of how one 
nickel alloy steel is used for resist- 
ance to shock, fatigue and wear in 


construction equipment. For more 
information on the use of 4620 and 
other nickel alloy steels in 11 types 
of heavy construction equipment, 
write for a free copy of booklet 
“A-265.” 


*T.M., International Harvester Co 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street Keo New York 5, N. Y. 
JNO, ” 


INCO NICKEL. 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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30 MILLION OF THESE JET-FORMED SPHERES IN 
EVERY INCH OF BEARING SURFACE! 


JET PROCESS BLASTS MOLTEN ALLOY 
INTO UNIFORM PARTICLES .. . so small 


that thirty million will form a thin layer 
only one inch square! This sintered layer 
is the bearing surface of Federal-Mogul 
sleeve bearings. 


Molten copper-lead, alloyed to exact 
specifications, is poured into a special 
inert-atmosphere reaction crucible. Here 
it’s blasted by a high-speed fluid jet to 
form the dense powder shown at left. 


Because of the uniform particle size of 
this powder, the bearing surface of each 
F-M copper-lead sleeve bearing has pre- 
cisely the same alloy composition and 
high adhesion to the steel backing as 
every other F-M bearing of the same 
alloy type! 


YOU CAN SEE THE CONSISTENT SIZE 


in the photomicrograph. What you can’t see 
is the consistent alloy composition which 
produces uniform bearing properties and 
performance in any alloy type. 


Federal-Mogul, makes engine bearings for 
every condition of speed and load. You can 
select from among five different sintered 
copper-lead alloys, all permanently bonded 
to precision-formed steel backing. Our 
Engineering Department is available to you 
for consultation or recommendations: on 
bearing design and application. For more 
information, write Federal- 

Mogul Division, 11035 Shoe- EDERA| 
maker, Detroit 13, Michigan. Mogul 


Steel backed bearings with a selection of many different alloys for vir- 
tually any bearing application—Plain and bimetal bushings in bronze, steel or aluminum, Precision 
thrust washers in solid bronze, or sintered alloys on steel (one or both faces). Rolled split spacer 
tubes in steel, aluminum or stainless. 


tthe eu a) DIVISION OF 
Tee rem §=FEDERAL-MOGUL-BOWER 
Ob a Feu iss BEARINGS, INC. 
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This Michigan Tractor Shovel operates on hillsides and 30° slopes 
...get stopping power with Hi-Torque brakes 


Working on a Springfield, Mass., reservoir job, the Fruin-Colnon Contracting 
Company and C & C Construction Co. use this 6 yard Tractor Shovel for clearing, 
stripping, excavating, lugging 16-ton pipe sections, backfilling, and other work. The 
contractor reports: ‘“These operations call for good brakes which this machine has 
... BFG Hi-Torques are tops!” 
Hi-Torque brakes are now supplied as original equipment on a wide range of heavy- 
weight vehicles: big dump trucks, tractor-scrapers, coal haulers, mine trucks, and 
other special vehicles. They provide up to 125,000 foot pounds of braking torque 
per brake in a smaller sized “package” than any other shoe brakes. Hi-Torque 
brakes cut stopping distance approximately in half, compared to conventional two- 
shoe brakes tested on identical vehicles and loads. 
You can use these brakes in your heavy-duty vehicles with a minimum of design 
change. Available in seven basic sizes; operation air-over-hydraulic, or direct 
hydraulic. For complete information call or write B.F.Goodrich Aerospace @ Defense Hi-Torque brakes give full-circle 
Products, a division of The B.F.Goodrich Company, Dept.S7-10, Troy, Ohio. contact around the drum for maxi- 


mum stopping power. Brakes can 


—-“—S be operated by air-over-hydraulic, 
: : direct-hydraulic, or direct-high 
Wey Hi-Torque brakes _ presure air actuation. 

/ 
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HENDRICKSON TRUCK CRANE 


Whatever the job... 


New G-21 Series 
Valves 


cut costs on 


FWD LINE TRUCK 


POWER STEERING! 


WHITE FREIGHTLINER 


HEAVY DUTY VEHICLES 

HIGH SPEED TRUCKS 
OFF-HIGHWAY TRUCKS 

TRUCK CRANE CHASSIS 
MATERIALS HANDLING EQUIPMENT 
INDUSTRIAL LOADERS ~* ETC. 


Garrison now offers a new line of low cost, hydraulic 
power steering valves and cylinders! The G-21 Series 
cuts power steering costs because you don’t pay for 
something you don’t need ...no waste in over-design, 
excessive materials, unnecessary labor. G-21 Valves 
now complement existing Garrison designs and permit 
proper selection of the most economical valve for any 
job, based upon vehicle usage, engine horsepower, 
axle loading and steering design linkage. Here’s cus- 
tom-designed performance with standard valves at 
important savings to you! 

Garrison, originators of the “divided linkage” system 
of power steering, incorporates patented hydraulic Whatever your AR 
reaction in all valve designs resulting in proportionate steering application... a" 
“feel,” greater stability, excellent recovery and smooth, Get POWER Vp at kad 
reliable performance. Furnished as standard equip- ois. eae AR. 

; ; with GARRISON! 
ment on many types of wheeled vehicles by major 


manufacturers, also available in kits for adaptation to 
existing equipment. 4609 East Sheila Street, Los Angeles 22, California 


WHITE 5000 KW DART TANKER 
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Multiple Lip Rod 
Seal with Wear 
Compensating 
Spring 


Large Area Heat 
Treated Sintered 
Metal Rod 
Bearing 


Patented Restricted 
Orifice With Intermediate 


Valving Gives 3-Stage 
Control On Rebound Valve 


New, Improved Design 
Coil Spring Base Valve 
with Larger Intake Capacity 





You bet your life on your shock absorbers 


And so do drivers of cars you manufacture. As 
you know, shock absorbers do far more than 
cushion the ride. They hold wheels solidly on the 
road, control spring action, provide car stability. 
That’s why it’s important for you to specify 
shocks which give the greatest control for the 
longest time. 


Monroe shock absorbers are engineered to ex- 
tremely close tolerances, and an advanced coil 
spring design provides longest valve life of all 
shocks. Superior design makes Monroe shocks 


respond swiftly and sensitively to all road condi- 
tions and prevents premature wear. 

Monroe shocks are the miles-ahead, year-after- 
year leader in replacement sales. So why not 
give new car buyers their preference as original 
equipment? Our engineers will be glad to give 
you the facts 
and figures 
on Monroe 
superiority. 


SHOCK ABSORBERS 


MONROE AUTO EQUIPMENT COMPANY : Monroe, Michigan + World's Largest Maker of Ride Contro/ Products 
POWER STEERING «+ SWAY BARS + TRACTOR SEATS + SUPER LOAD-LEVELER® (stabilizing units) 





Helping to make 
tomorrow’s cars 
today... 


Progress report on 4 high 


NEW FROM BUDD—an advanced concept in 
the testing and design of automobile bodies 
brings road and proving ground into the labora- 
tory. Shown here is part of an extensive, 
Budd-developed instrumentation system that 
can simulate hundreds of thousands of miles of 


travel, under the most rigorous conditions, in 
one-third actual road or proving ground time. In 
addition to providing quicker answers, labora- 
tory environment permits easier, more accurate 
evaluation of results. New procedure is readily 
applicable to any automobile—can effect sub- 
stantial savings in time and costs in the efficient 
design of new bodies. 


A BUDD TECHNICIAN TESTS the application of 
adhesive for the bonding of automobile door 
components. As yet not widely used in the auto- 
motive field, adhesive bonding holds great prom- 
ise for increasing flexibility in the manu- 
facturing process—broadening choice of ma- 
terials, such as aluminum and steel combinations, 
newly developed plastics, etc. In helping to 
overcome current problems, Budd research opens 
up a new method for producing a better product 
more efficiently and economically. 


“AUTOPIA" a new sound film in color—tells the com- 
plete story of our automotive facilities. If you are 
interested in seeing this film, write on your company 
letterhead to Sales Department, Automotive Division, 
The Budd Company, Detroit 15. 
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The research projects reported here are but four of many 
currently underway at Budd that offer a high potential for 
the entire automotive industry. Objectives—to improve 
manufacturing procedures . . . increase quality .. . 

lower costs. As one of the largest independent automotive 
suppliers in the world, Budd has always sought new ways 
to provide better products. Past Budd research has 

paid off in such diverse areas as the all-steel body and 
current techniques of resistance welding used throughout 
the automotive industry. Such research is but one of the 
many ways Budd serves the automotive industry in helping 
“‘to make tomorrow’s cars today.” 


DETROIT 


AN INSTRUMENTED STUDY ON SPOT WELDING 
galvanized steel—one phase of a Budd research 
program to investigate the fabrication of gal- 
vanized steel by the automotive industry. Pre- 
liminary results of other Budd studies indicate 
that many automobile structural members can 
be formed from galvanized steel—using the 
same dies employed for regular uncoated steel. 
Research of this kind will eventually lead to the 
mass produced, completely corrosion resistant 
cars of the future. 
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« MICHIGAN 


ULTRA-HIGH-SPEED PHOTOGRAPHY OF ARC 
WELDING PROCESS—part of Budd’s study of 
new arc welding techniques, processes and equip- 
ment in order to broaden the knowledge of these 
methods in automobile body fabrication. A 
major objective—to exercise complete control 
of these processes as applied to high production 
quality welding. Eventual benefits to the in- 
dustry will include greater fatigue resistance, 
savings on weight, reduction of rejects, much 
higher corrosion resistance. 





Spicer’s new Model 7041 4-Speed 
Auxiliary Transmission—for use in 
conjunction with standard 4 or 5- 
speed transmissions—has a nominal 
torque rating of 550-600 ff. Ibs., 
thus narrows the gap between the 
Model 6041 (375-400 ft. Ibs.) and 
the 8341 (750-900 ft. Ibs.) 


New Spicer 4-Speed Auxiliary Transmission 
For Engines in the 400-600 Ft. Lbs. Torque Range 


Model 7041 Broadens Range of Spicer Line, 


Utitizes Maximum H.P., Is Quiet, Saves Weight 


Now-—Spicer has added a new model to its power line of 4-speed 
auxiliary transmissions—the Model 7041—whose 550-600 ft. Ibs. 
nominal torque rating meets a vast need for engines developing 
over 400 ft. Ibs. of torque. 

The 7041 operates most effectively with main transmissions in 
the 400-600 ft. Ibs. capacity range. Ratios in the auxiliary are 
spaced so that they functionally split or compound the ratios of 
the main transmission 

The new transmission has good splits in the top three gears, as 
the following table shows: 


RATIOS Medel 


The result is that it is possible to utilize the maximum horse- 
power of the engine during shifts. In addition, the driver is able 
to complete shifts in these three splitter gear positions at the same 
R.P.M. 

The new auxiliary transmission is also constant mesh in all gear 
positions, which makes for quieter operation and easier shifting 
due to the use of helical gears throughout. It is lighter and less 
bulky than any other 4-speed auxiliary transmission of similar 
Capacity. 

For complete data on the many advantages of the new Spicer 
7041, write to Dana Corporation, Toledo 1, Ohio. 


Spicer Top Mount Power Take-Off can readily be assembled 
to the 7041 Auxiliary Transmission by merely removing the 
cover, is ideal for operating air compressors, heavy-duty 
winches, large pumps, and other materials handling devices 
requiring full engine torque. 


Spicer 
CcCoRPORATION 
Toledo 1, Ohio 


SERVING TRANSPORTATION -— Transmissions « Auxiliaries 
e Universal Joints « Clutches « Propeller Shafts « Power Take-Offs 
e Torque Converters « Axles « Powr-Lok Differentials « Gear 
Boxes « Forgings « Stampings « Frames e« Railway Drives 


Many of these products are manufactured in Canada by Hayes Steel Products Limited, Meritton, Ontario 
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AT BCA everything’s new 


but the name 


BALL BEARING “HEARTBEATS” 


checked 


With a stethoscope checking the “heartbeats,” this unique 
fatigue tester is putting BCA ball bearings through a battery 
of exaggerated, but controlled, speed and load tests. 


The fatigue testing machines are part of a group of testing 
devices that provide essential data for BCA’s research pro- 
gram. Hydraulically testing BCA bearings at a variety of 
rotational speeds and under many combinations of radial 
and thrust loads, each machine checks to see that BCA ball 
bearings are maintaining the highest fatigue life standards . . . 
evaluates the fatigue characteristics of new ball bearing ma- 
terials and new processing methods . . . helps select ball bear- 
ing lubricants to provide the longest possible fatigue life. 


These machines and BCA’s other unusual testing devices are 


BEARINGS COMPANY 
OF AMERICA 
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with unique new fatigue tester 


designed and built to help us develop the highest quality ball 
bearings available. By simulating actual operating conditions, 
BCA ball bearings can be tested to exceed customer specifi- 
cations. 


BCA ball bearings are standard equipment throughout in- 
dustry—for both original and replacement applications. BCA’s 
complete line of ball bearing types and sizes . design, 
engineering and manufacturing skill . . . plus research and 
testing facilities, are some of the reasons that automotive, 
machine tool, earth moving, agricultural equipment manu- 
facturers specify BCA. We'd like to serve you—with 
high-performance bearings or technical assistance. 
Contact Bearings Company of America, Division of 
Federal-Mogul-Bower Bearings, Inc., Lancaster, Pa. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 


ball 
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CAN YOU MATCH THIS WITH 


Zinc Coating on Armco ZINCGRIP 
from rust at average cost of 2147 


é Galvanized Use this label to identify 
a Steel your products made of 
strong, durable steel 
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A manufacturer of small automo- 
tive stampings saved 2.8¢ per piece 
by using Armco ZincGrIP® and elim- 
inating cadmium plating. Another 
manufacturer reported savings of 
$6.34 per ton by using ZincoriP for 
bus floors in place of hot-rolled steel, 
bonderized and prime-coat painted. 
Besides initial savings, ZINCGRIP pro- 
vides a two-side full-weight coating 
of zinc for superior protection against 
corrosion. It’s exceptionally work- 


PAINTING OR PLATING? nik ton: ee ace ca 


ing hold up under severe fabrication. 


gives parts protection Founder of versatile “family” 
ZINCGRIP was first in a series of spe- 
per square foot cialized Armco hot-dip zinc-coated 
steels. They're produced with normal 
spangles or spangle-free, differential- 
ly coated for painting on one side, or 
if specified, mill-treated for immedi- 
ate painting after fabrication. 

Let us work with you in compar- 
ing costs for painted or plated parts 
with costs for the same parts made 
of Armco ZiIncGRiP — or one of its 

Cost of* Typical** zinc-coated “family.” 
ZINCGRIP Cost of Savings Just fill in and mail the coupon. 
Coating Painting with 

Steel ¢/sq. ft. ¢/sq. ft. ZINCGRIP 

thickness of sheet of sheet ¢/sq. ft. 


Check these typical cost comparisons 


Armco Division 
Armco Steel Corporation 
2491 Curtis Street, Middletown, Ohio 


C) Send me your bulletin, Economy of Armco ZINC- 
GRIP for Hidden Structural Parts 


] Have an Armco representative call 


.025 1.42¢ 
.050 53 
.075 74 


Average 2.35¢ -90¢ 
*Coated both sides **Painted both sides 


NAME 
Computations based on coils 24” to 36” wide. Zinccrip coating costs are _— 
additional costs beyond price of cold-rolled steel. Paint costs are figured on 
typical dip-painting or flow-coating methods and include costs of metal 
preparation, paint, labor and overhead of painting operations. Some paint costs 
may be lower than these; many are higher. 


STREET 


= 
ARMCO Armco Division 


V 


SAE JOURNAL, OCTOBER, 1961 





80,000,000 
cylinders 


He Fa IY 


U.S. Pat. No. 2,789,872 


Sealed Power Stainless Stee/ Oi/ Rings 
CONTROL O/L BETTER... GIVE LASTING ECONOMY! 


That’s why manufacturers who build 
more than 85% of all U. S. cars specify 
Sealed Power-designed Stainless Steel oil 
rings for their new cars—and for service. 


More than 80,000,000 Stainless Steel oil 
rings have been factory installed. 


Sealed Power’s patented, proven de- 
sign, combined with superior Stainless 
Steel, side seals, licks the oil control prob- 


8) lem in high compression, high vacuum 


engines. 
Stainless Steel retains tension at high 


operating temperatures. Stainless Steel 
resists pitting and etching of gases, greatly 
reduces carbon build-up so that return oil 
vents remain open permitting the free 
return of oil to the crankcase. 


Unique end-abutment design of Sealed 
Power Stainless Steel oil rings ends groove 
depth problems; rings have proper ten- 
sion regardless of contact with bottom 
of groove. 


Chrome-plated side rails seat instantly. 
And installation’s a snap! 


Progress through profits 


Scaled Power Preferred Performance 


PISTON RINGS + SLEEVES + SLEEVE ASSEMBLIES + PRECISION CASTINGS + SEALING RINGS FOR ALL APPLICATIONS 


+ DETROIT OFFICE 


PISTONS * 


SEALED POWER CORPORATION, MUSKEGON, MICHIGAN * 17600 WEST 8 MILE ROAD, PHONE 357-4141 


+ ST. JOWNS, MICHIGAN + ROCHESTER, INDIANA + STRATFORD, ONTARIO 
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waste time? 


call 


TORRINGTON 


first for all your 


BEARING 
NEEDS 


Choosing exactly the right bearing can mean a vital dif- 
ference in performance, cost and product life. That’s 
why it pays to call Torrington first. 

Torrington makes every basic type of anti-friction bear- 
ing ... can advise you impartially on the best bearing 
for your application. Needle, roller or ball. . . you won’t 
find finer bearings than Torrington. Specify with con- 
fidence. If you have a bearing problem, call or write 
us today. Send for catalog information. 

1. Drawn Cup Neepte Bearinc. Maximum radial ca- 
pacity in minimum cross section. Easily positioned by 
press fit. 2. Drawn Cup Rouier Bearine. Ample lubri- 
cant storage for smooth starting, cool running, extra- 
long service life. 3. Heavy Duty Rotter Bearine. Top 


progress through precision 


THE TORRINGTON COMPANY 
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bearing efficiency and long life under toughest shock 
conditions. 4. Rotter Turust Bearine., Precision built 
for outstanding performance. Large Controlled Contour 
rollers for maximum capacity. 5. Setr-ALicninc BALL 
Busuinc. Low cost unit for top performance in rugged 
applications. 6, SpHericaAL Rotter Bearinc Pittow 
Brock. High radial and thrust capacity. Fast, easy 
installation. Grease or oil-bath lubrication. 7, NEEDLE 
Turust Bearing. Unequalled capacity for size and 
weight. Runs directly on hardened ground surfaces, or 
on standard thrust races. 8. Cam Fottower. Exceptional 
combination of high capacity, maximum toughness, de- 
pendable performance under shock loads. 9. SPHERICAL 
Rouiier Bearing. Precision engineered for maximum 
efficiency, optimum service life. Self-aligning. 


TORRINGTON BEARINGS 


Torrington, Connecticut « South Bend 21, Indiana 
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Here’s how wesster puts new 
efficiency in hydraulic power 


We cut this new JE series pump in half to show you why Webster design 
tops competition in overall efficiency. Specifically, the JE saves horse- JE SERIES PUMPS 
power, slashes operating costs, delivers dependable and trouble-free 
service. 

It’s the result of this combination of advanced features... . (1) Drive: direct, gear or belt 
pressure-balanced wear plates for high volumetric efficiency and to Capacity: 10 sizes—5 to 40 gpm 
prevent clearance changes due to heat; (2) needle bearings for power- 
saving, anti-friction operation; (3) one piece gear and bearing journal 
units to assure minimum deflection and proper alignment on both drive 
and idler assembly; (4) free-floating internal spline drives to eliminate Porting: side (std.) end (opt.) 
key failures; (5) thrust bearing on drive shaft to absorb compound Mounting: SAE Type A (std.) 
driving thrusts; (6) double lip seal on drive shaft for added protection 
against seal failure and dirt. 

The Webster JE series pump is a heavy-duty, big power unit built 
to meet the needs of the mobile industry. It is trim and compact to fit OIL HYDRAULICS DIVISION 
into tight quarters, attaches with a choice of mountings. Your Webster ea 
Electric representative has complete specifications and data — or write W 
direct for engineering detailed sheet HY1-1. 


Shaft seal: double lip type 


Pressures: to 2000 psi 
Operating Speeds: to 2400 rpm 


Ei) RACINE-wis 


trankiin adv. M126 





silence, 
please... 


No rattles, no squeaks, no wind noises in this 
car window. 

That’s the kind of silence you install with Schlegel 
woven pile liner. 

This thick pile runs uniform through the length of 
the glass channel. It smothers noises before they 
start. 

It’s a resilient pile. It hugs the surface of the glass 
tightly—but not so tightly that it restricts window 
movement. 

It’s a protective pile. It effectively seals out dust, 
wind and moisture. 

And it’s a permanent pile. Each individual strand 
of pile yarn is interlocked with the woven fabric 
backing. Thousands of opening and closing actions 
will not affect this pile. Schlegel pile is a natural seal 
designed to retain its consistency under all conditions. 

Silence? Of course. With proper resilience, density 
and pile height, a Schlegel woven pile will satisfy the 
most critical design engineer—but, most of all, dealer 
and customer satisfaction is assured. 

Like to install silence in your automobile windows? 
Specify Schlegel woven pile in your glass run chan- 
nels and weatherstripping. They’ve been used in the 
quieter cars for decades. 
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Glass moves friction-free, wet or dry, in this glass run channel 
with Schlegel woven pile liner. 


Sehlegel 


SERVING THE AUTOMOTIVE INDUSTRY 


SCHLEGEL MANUFACTURING COMPANY 
1555 Jefferson Rd., Rochester 23, N.Y. In Canada, Oakville, Ont. 
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Imagineering is the bold new look at Screw & Bolt that says 


“infinite design capability.’ Imagination, coupled with engineering, 
has led to endless new product design developments in fasteners and 
other threaded parts. Mi Need a new design fastener or threaded part 
where standard shelf items just won’t fit? Clip this ad to your letterhead 
and Screw & Bolt’s sales engineers will put imagineering to work for you. 


SCREW AND BOLT CORPORATION 
OF AMERICA .- P.o. BOX 1708, PITTSBURGH 30, PA. 
Plants: Pittsburgh, Pa. Gary, Ind. Southington, Conn. Norristown, Pa. « Warehouses: Portland, Ore. Denver, Colo. Atlanta, Ga. 


Imagineering... for greater fastener progress 
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Mel 
Sd BRAKE 


OFFERS THESE 3 BIG EXTRAS! 


ANOTHER 


ROCKWELL-STANDARD 


FIRST / 


Proven the most advanced 
brake design in 30 years... 


Outstanding improvements, such 
as a new balanced shoe actua- 
tion principle and 15” diameter, 
have made the Stopmaster 
Brake the industry's most effi- 
cient and dependable brake. 
Now Rockwell-Standard also 
offers you these three important 
extras in the Stopmaster: 


'Fail-Safe” Units . . . now available 

for air actuated Stopmaster Brakes. 

© Prevents runaway vehicles due to 
loss of air, when in operation or 
parked. 

® Positive mechanical operation . . . 
can be installed to operate from 
dash control valve or automatically, 
or both ways if desired. 


Automatic Brake Adjustment . . . available on Lubrication Eliminated. All actuating parts 
all Stopmaster Brake sizes for trucks, trailers, and are sealed in lubricant. Standard on all 


off-highway vehicles. 


models. 


® Eliminates periodic manual adjustment. ® Prevents oil-soaked linings due to over 


© Cuts expensive maintenance costs. 


® Brake maintains proper adjustment during 


entire lining life. 


lubricating. 
® Moving parts last longer. 


© Reduces friction. 


® Safer operation at all times. © Completely sealed unit reduces effect 


of elements. 


Hpither Foil y.. ROCKWELL-STANDARD .R 


CORPORATION 
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Giant truck crane can lift 90 tons 
lifts ‘little brother” for laughs 
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7: CaS 


ee 
or oe 


£3 piage 


INCO NIC 


KEL 


Nickel-moly steels 
give power train 
strength and toughness 


Rolling on twelve huge tires and 
wielding a 250-foot boom, this 
bruiser can handle 90-ton loads with 
ease. Here you see it dangling its 
31,000 pound “little brother” at a 
demonstration given by the manu- 
facturer, Harnischfeger Corporation 
of Milwaukee. 


At the planning stage, their engi- 
neers anticipated great operating 
stresses, designed critical power- 
train components around the prop- 
erties of nickel-molybdenum alloy 
carburizing steels. 


AISI 4820 (342% nickel) is speci- 
fied for the most heavily stressed 
transmission gears and auxiliary 
transmission gears. These compo- 
nents are carburized and hardened 
to handle the highest compressive 
loads, and at the same time develop 
high core strength and toughness to 
resist severe torsion and impact. 


AISI 4620 (1.8% nickel) is used for 
a variety of gears, shafts, and pin- 
ions which encounter all but the 
most severe stresses. 


When you design, order, or build 
construction machinery, count on 
nickel-moly steels to deliver the spe- 
cific combinations of properties that 
give heavy equipment built-in 
strength and toughness. 


You'll find materials-engineering 
data on 11 types of heavy construc- 
tion equipment in a new 76-page 
Inco booklet. For a free copy, request 
“A-265.” 


THE INTERNATIONAL NICKEL COMPANY, INC. 


4», 
67 Wall Street INGO New York 5, N. Y. 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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The industry’s first tape-controlled, continuous-path fila- 
ment winding machine is in full production now. Designed 
and built by Rohr, it wraps glass fibre filaments with amaz- 


ing precision to form lightweight structures of great 


strength, such as the rocket motor case 
shown below. It is capable of winding parts 
up to 25 feet in length and 8 feet in diam- 
eter — and has the ability to wind an infinite 


variety of patterns, including a continuous fila- 


ment pattern for multiple-nozzie motor cases. 
Actually, the wrapping of different pressure 
vessels is as simple as changing the tape. 
This advanced machine demonstrates Rohr’s 
unique skill in designing and building highly specialized manufac- 
turing equipment...plus knowledge gained from years of pro- 
gramming and production of three-dimensional parts by numerical 


control. The ability to produce precision-wound ‘products on this 
new filament winding machine demonstrates the breadth of 


our research into plastics and adhesives and the depth of 
our experience in collapsible mandrel manufacture. Because 
it achieves such precise and uniform positioning of fila- 


ments, this Rohr machine now offers the industry the capa- 

bility to provide close to maximum strength of material in 
filament-wound structures. Plus, of course, important 
cost-reducing speed and flexibility. 


ROHR NUMERICALLY CONTROLLED 
FILAMENT WINDING MACHINE 


For information on this and other Rohr production techniques please write Mr. 
A. R. Campbell, Sales Manager, Dept. 59, Rohr Aircraft Corp., Chula Vista, Calif. 


Main Plant and Headquarters: Chula Vista, California / Plant: River- 
side, California / Assembly Plants: Winder, Georgia; Auburn, Washington 
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Koppers supplies packaged piston ring set 
for Caterpillars husky D8 crawler Tractor 


Extra stamina is demanded of every part of Caterpillar’s massive D8 
Tractor because it’s built to push or pull the heaviest loads over the 
roughest terrain. This ‘‘something extra’’ is evident in the D8’s power- 
ful 235 HP turbocharged diesel engine—complete with packaged piston 
ring sets by Koppers. 

Says Caterpillar: ‘“The D8 Tractor is designed to excel; built to last. 
Take its 235 HP engine, for example. A 20% torque rise provides 
excellent lugging characteristics to meet critical loads. It’s designed 
specifically for hard work, with dependability, economy and low main- 
tenance. The Koppers rings we are using meet our requirements of 
quality and dependability.” 

Write today for complete information to: Koprpers Company, INc., 
Piston and Sealing Ring Dept., 6910 Hamburg St., Baltimore 3, Md. 


PISTON & SEALING RINGS 


Engineered Products Sold with Service 


That’s a completely Koppers ring 
equipped piston you’re looking at. 
From the precision lapped, chromium 
plated, high strength alloyed iron 
compression ring in its top groove to 
the chromium plated, conformable, 
spring loaded, ventilated oil ring in 
the bottom groove. This set-up 
guarantees fast break-in and longer 
life resulting in peak efficiency for 
Caterpillar’s 235 HP diesel engine. 


See 





Norman Shidle’s new book 


“INSTINCTS IN ACTION” 


... is 140 “FOR SAKE OF ARGUMENT” pieces selected from those 
printed in SAE Journal... 


Shidle, editor of SAE Journal, says of this collection of his work: 
“Most of these essays are commentaries on how people act; and why 
they act the way they do.” 


Contents Include 


> Individuals Are The Best Organization Men 
> Handling People Is Everybody’s Job 

> It Takes All Kinds 

> Understanding Each Other Isn’t Easy 

> Look At It This Way 

> Where Are We Going? What Are We After? 


Society of AUTOMOTIVE ENGINEERS, INC. + 485 Lexington Avenue, New York 17, N. Y. 


Please send me copy (copies) of Norman Shidie’s new book, “Instincts in Action", which contains selected 
“For Sake of Argument” pieces published in SAE Journal between 1948 and 1961. Price is $4.00 per copy. Quantity 


prices on request. 


Name 
Addres 


Check enclosed oe Coupons enclosed ae Bill me 5m 
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Pulsating piston pack by 
Mather about 1628 


If ever a goat could get a goat's goat, 


the goat in the foreground has got the 


goat of the goat in the background. 


M Wy H 3 R And little wonder because the super 


sO LVE suspension credited to Mather engineers 


makes for easy pulling and riding. 


Vf ) it 4 If you have a suspension problem, 
rely on Mather’s 50 years of research, 


TASTE covion crcineeing and monctocring 
TAY nen 


Ty = MATHER 


P. O. BOX 6695, TOLEDO, OHIO 


Send in your crazy suspension ideas 
for possible cartooning and publishing 
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TEAL EL 


a Tr MSs 
variable-ratio cam 


12:22:12 


TTT your handling to your go 


Let your steering be nimble, alert, responsive . . . 
with fewer wheel turns. Ross variable-ratio steer- 
ing gives faster steering and quicker recovery for 
cornering and slower steering and greater stability 
for straight-ahead handling. 

Ross variable-ratio steering has been proved in 
service by 31 of today’s leading vehicle manufac- 
turers. Ross invites your inquiry. 


Of$ STEERING 


ROSS GEAR & TOOL COMPANY, INC. 


Ross Division, Lafayette, Indiana « Gemmer Division, Detroit, Michigan 
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TAKE A SECOND LOOK 


IT’S THE 2N174—PART OF DELCO RADIO'S POWER TRANSISTOR FAMILY WHICH HAS 
PROVED ITS STUFF FOR YEARS IN HUNDREDS OF MILITARY AND INDUSTRIAL APPLICA- 

TIONS: MISSILES, COMMUNICATIONS, DATA PROCESSING, AND ULTRASONICS, TO NAME A FEW. 

THIS MULTI-PURPOSE PNP GERMANIUM POWER TRANSISTOR HAS THE HIGH PERFORMANCE AND 

VERSATILITY TO MEET OR EXCEED THE MOST RIGID ELECTRICAL AND ENVIRONMENTAL 

REQUIREMENTS. € DESIGNED FOR GENERAL USE WITH 28-VOLT POWER SUPPLIES, THE 2N174 

MAY ALSO BE USED WITH 12 VOLTS WHERE HIGHER RELIABILITY IS DESIRED. MAXIMUM 

EMITTER CURRENT—15 AMPERES, MAXIMUM COLLECTOR DIODE RATING—80 VOLTS, THERMAL 
RESISTANCE—BELOW .6°C/W AND MAXIMUM POWER DISSIPATION—50 WATTS AT 71°C, MOUNTING BASE TEM- 
PERATURE. THE 2N174'S LOW SATURATION RESISTANCE PROVIDES HIGH EFFICIENCY IN SWITCHING OPERA- 

TIONS. €@ LIKE ALL DELCO TRANSISTORS, EVERY 2N174 MUST PASS AT LEAST A DOZEN ELECTRICAL 

AND ENVIRONMENTAL TESTS—BEFORE AND AFTER AGING—BEFORE IT LEAVES DELCO RADIO'S 

LABORATORIES. THIS 200 PERCENT TESTING, COMBINED WITH FIVE YEARS OF REFINEMENTS IN 

MASS PRODUCTION, MEANS CONSISTENT UNIFORMITY IN THE PRODUCT...AT A LOW PRICE. 

@ THE 2N174 IS JUST ONE OF MANY DEPENDABLE TRANSISTORS PRODUCED BY DELCO RADIO TO 

SUPPLY ALL YOUR TRANSISTOR NEEDS. FOR MORE DETAILS OR APPLICATIONS ASSISTANCE ON 

THE 2N174 OR OTHER DELCO TRANSISTORS, CONTACT YOUR NEAREST DELCO RADIO SALES OFFICE. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan Syracuse, New York LC ” 


324 Chestnut Street 726 Santa Monica Bivd. 5750 West 5lst Street 57 Harper Avenue 1054 James Street EPENDABILITY 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinty 3-6560 GRanite 2-2668 D | O 


ELIABILITY 
DIVISION OF GENERAL MOTORS * KOKOMO, INDIANA 
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special mobile home wheel group assemblies! 
nee conn asia ey ooo KELSEY 


others make brakes. But only Kelsey-Hayes makes the complete assembly 
. . . Wheels, hubs and drums and two-shoe, adjustable electric brakes 
designed together to go together as perfectly matched units. That’s 
why Kelsey-Hayes assemblies should work better . . . and they do! 


Available for use on any standard size wheel—12”, 13”, 14”, 14.5”, 15” 
and 16” sizes. Servicing is nation-wide through hundreds of wheel and COM) [PYA\ININZ 


brake service stations. 


World's largest producer of automotive 


For complete information, 
wheels, hubs and drums! 


see your neorest K-H Distributor 
or write for descriptive manval. 
Kelsey-Hayes Company 

Romulus, Michigan. 
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Match more engine 
applications with 
the same size 
turbocharger 


Interchangeability of proven 
AiResearch turbocharger compo- 
nents provides the perfect match 
to a wide variety of engine appli- 
cations... without changing turbo- 
charger frame size. 

Thus, the same turbocharger 
serves many different horsepower, 
rpm and torque rise requirements. 


This reduces engineering costs and 
eliminates many problems which 
might arise from changing turbo- 
charger shape or dimensions. 

The need for a large inventory 
of different size turbochargers is 
also eliminated. A few simple 
components now do the job. The 
basic rotating group within the 


turbocharger, however, remains 
unchanged...thereby achieving 
still further economies. 

These advantages extend to the 
complete line of AiResearch high 


‘performance, low cost turbo- 


chargers for reciprocating engines 
in the 50-2000 hp range. Your 
inquiries are invited. 


AIRESEARCH INDUSTRIAL DIVISION «+ 9225 South Aviation Blvd., Los Angeles 45, California 


Designers and manufacturers ef turbochargers and specialized industrial products 
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Durable, dependable, rugged. Evans 
heaters are built for trucks! They’re tailored 
to truck manufacturer specifications. 
They’re custom-engineered to provide the 
right BTU rating and proper heat distri- 
bution for your specific truck models. And 
they’re designed for quick-and-easy 
maintenance. 

Twenty-five years of engineering expe- 
rience—plus rigorous tests and assembly- 
line inspections—go into the production 
of every Evans heater. Thijs product 
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quality has made Evans the largest 
manufacturer of heavy-duty truck heaters. 
And because of confidence in the quality 
of its products, Evans backs its heaters 
with a one-year /50,000-mile warranty. 


Our engineers are ready to work with 
yours to design an Evans heater to meet 
your requirements. Write Evans Products 


Company, Dept. Z-10, Plymouth, Mich. 
Regional Representatives: Chicago, 
R. A. Lennox; Detroit, Chas. F. Murray 
Sales Co.; Allentown, Pa., P. R. Weidner. 


Hallmark of Quality Products 


EVANS 


PRODUCTS 
COMPANY 


PLYMOUTH, MICHIGAN 





os 


Designed for Round-the-Clock tractor operations 


NOW—with Rochester’s new line of “electroluminescence” panel gauges—you 
can help tractor operators eliminate costly downtime because of engine failure 
through inability to read gauges during “‘afterdark” operations. 

Because they give off a constant glow of light, these new Rochester gauges keep 
night-shift tractor, ’cat and bulldozer drivers aware at all times of vitally important 
oil pressures, charge rates, water temperatures and gas tank levels. This all-new 
plate form of direct dial lighting is fully permanent. It does not require replacement 
and is completely sealed against dust, oil, moisture and weather. There are no 
bulbs to break, burn out or go dim. 

If you are designing for the tractor and implement market get the Rochester story 
—NOW. This new panel light utilizes the phenomenon of electroluminescence to 
produce a thin area type of light. This is in direct contrast to incandescent lights 
which are basically a point source. They are available in both cluster and individual 
gauge types. For complete information write to American-Standard Controls Divi 
5900 Trumbull, Detroit 8, Michigan. 


Amenican-Standard 


CONTROLS DIVISION 





Quality! 


Top quality material subjected to constant quality control, 


finished to precise specifications have given our products 


ap enviable reputation within the industrie. 


Regardless what product — GOETZE piston rings, 
cylinder liners, gaskets, oil seals, mechanical seals, rubbers 
articles, rubber and metal components or special synthetic 
rubberproducts — 

What we sell is Quality. 


& 


Goetzewerke - Friedrich Goetze AG - Burscheid_bei Kal 
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What's News in Enjay Resins... 


BUTON” Resins produce tough, low-cost primers! 


Buton resins contribute to low-cost, long-lasting 
protective metal primers. Several inherent proper- 
ties make them a natural choice for numerous metal 
priming applications. Buton resins possess excellent 
hardness, toughness, and flexibility . . . combined 
with outstanding resistance to such corrosive ma- 
terials as: detergents, salt spray, boiling water, plus 
many acids and alkalis. 


Buton resins offer excellent adhesion on most 
metals, including steel, galvanized steel, tin plate, 
aluminum, and various light metals. In addition, 
they provide good intercoat adhesion with conven- 
tional top coats. The initial low selling price, plus 
the high bulk of Buton resins make possible new 
savings in primer formulations. For more informa- 
tion, contact Enjay at 15 W. 51st St., N.Y. 19, N.Y. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 
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BEARING 


One in a series of technical reports by Bower 


TESTING PUTS THE HEAT ON—HELPS 
BEARINGS BEHAVE IN EXTREME ENVIRONMENTS 


In industry today, bearing operating con- 
ditions are becoming increasingly severe. 
To conquer difficult environments, heat, 
corrosion and oxidation, Bower conducts 
exhaustive research to achieve improved 
bearing performance. One important 
area of Bower research, for example, is 
the development of special alloys to with- 
stand extreme heat. To do this, Bower 
researchers use special heating appara- 
tus to study hardness, strength and other 
characteristics of alloys at temperatures 
in excess of 1000°F. 

One of the devices Bower utilizes to 
assure bearing precision at high temper- 
atures is a creep tester. Bower engineers 
use it to load a test bar to a predeter- 
mined stress level, then, with the assist- 
ance of a special heating unit, find out 
precisely how much the bar stretches as 
temperatures are elevated to a thousand 
degrees F., and beyond. 


With this type of data and the help of 
other Bower precision research equip- 
ment, engineers can determine alloys 
that best withstand torrid temperatures. 
They can also effectively mate thermal 
expansion characteristics of the various 
alloys used in roller bearing components 
and in shafts and housings as well. As 
a result of this mating, Bower creates 
bearings that maintain precision in the 
required temperature ranges and ensures 
bearings that provide long life, heavy 
load capacity and high-speed operation. 


Because of Bower’s continuing research 


3 OVVE- FR 


BEARINGS 


ROLLER 
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Bower engineers study how alloys stretch as temperatures rise in 
excess of 1000°F., to perfect bearings that can take it. 


in bearing alloys and other critical areas, 
we suggest you consider Bower to assist 
you with your bearing needs. Bower 
provides a full range of types and sizes 


Flies 
cylindrical 
Oe 


in tapered and cylindrical roller bear- 
ings as well as in journal roller assem- 
blies. Bower Roller Bearing Division, 
Detroit 14, Michigan. 


DIVISION OF 
FEDERAL-MOGUL-BOWER 
BEARINGS, INC. 
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Packs More Muscle for School Buses, 


Medium-Duty Trucks, Diesel Conversions 


Now—for the first time—you can get greater load capacity in school bus and truck 
clutches, without changing flywheel size, housing, motor mounts or pedal linkage. 

This new Borg & Beck 12A5 clutch mounts on the same flywheel bolt circle, in the 
same size housing, as B&B Type 11A8—yet provides substantially more load ca- 
pacity. And that means longer life, more engagements, more miles of on-the-go 
Service under punishing stop-and-go operation. 

Already adopted as original equipment by two leading school bus and truck 
makers, Type 12A5 is also the answer for stepped-up capacity in replacement serv- 
ice. And it’s recommended, too, for conversions from gasoline to diesel operation. 

Like all Borg & Beck clutches, the new Type 12A5 is designed, engineered and 
built to B&B’s leadership standards for quality, performance and value. That's your 
dependable assurance of complete satisfaction. 


BORG 2 BECK 


THE AUTOMOTIVE STANDARD FOR NEARLY 5O YEARS 4 


BORG-WARNER BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
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Make Holding Fixtures 


| Quickly / Easily 
SAE JOURNAL | with Epocasr 


The AUTHORITY _\ 
on AUTOMOTIVE and _- ea 
AIRCRAFT ENGINEERING ¢ ae CE 
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SAE JOURNAL : *EPOCAST is an ideal material for making holding fixtures 


such as the plastic chucking jaws shown here. It casts in three simple 
steps. Sets tack free in 2 to 4 hours. Ready for use in 24 hours or less. 


485 Lexington Ave. Makes tooling easier. Send now for technical bulletin giving full infor- 
mation on making chucking jaws. 
New York 17, N.Y. 


4516 Brazil Street, Los Angeles, 42 Chasner Street, Hempstead, 
California CHapman 5-115] Long Island, N.Y., |!Vanhoe 3-6246 





MOBILE RADIO TELEPHONE 
FOR AUTOMOTIVE USE 


This report is a revision to the 
obsolete Two-Way Radio Communica- 


tions Suitable for Automotive Fleet 
TR-27 Operation. The primary scope of this 
report is to supply essential informa- 
tion to the ultimate user of vehicles 


and mobile radio equipment and also 

supply the equipment manufacturers 

with useful data. This report contains: 

General Information, Physical Dimen- 

sions, Equipment and Space Require- 

ments, Vehicle Power Supply System, 

Installation and Maintenance, User’s 

Price: $1.50 to members Manual at Base Station, User's Manual 
$3.00 to non-members at Mobile Station, and Selective Calling. 


Society of Automotive Engineers, Inc. 485 Lexington Ave, New York 17, N. Y. 
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SHE AUTOMOTIVE 
DRAFTING 
MANUAL 


7m -66 


ee 3°* Edéitiou 


Society of Automotive Engineers, Inc., 485 Lexington Avenue, New York 17. N. Y. 


Please send me the new, third edition of the SAE Automotive Drafting Manual. 
It is priced at $8.00 to members and $16.00 to non-members. 
NOTE: Please add 3% city sales tax for deliveries in New York City. 


—_CHECK OR COUPONS ENC. N 
—__BILL COMPANY COMPANY____ 


—__BILL ME COMPANY ADDRESS 


__£_KREE CHECKLIST OF SPECIAL __REE CHECKLIST OF CRC REPORTS 
PUBLICATIONS AND MEETINGS PAPERS 
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LS OCA 


Dependable 


LIPE CLUTCHES 


help supply fine foods to over 800 ACME Markets 


When the food trailers leave American Stores’ ware- Clutches offer the utmost in heavy-duty clutch performance 
house docks, one or more of the 800-plus Acme Markets is and durability. 


counting on delivery. Judge by your own standards: more ton miles between 


Food transporting demands reliability. And Acme uses teardowns . . . more and smoother engagements . . . more 
Lipe Clutches — for a minimum of downtime . . . a maxi- road time’ for your equipment. You'll see how, 
mum of dependability. with growing numbers of fleet operators: 


Whether the load is groceries or — you name it — Lipe LIPE DELIVERS IN THE CLUTCH 


O©vrliPE—ROLLWAY CORPORATION, SYRACUSE, NEW YORK 
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MINUTE VITON® TIP ENDS CARBURETOR FLOODING 


Leading carburetor manufacturers have found the answer 
to the vexing problem of flooding. Their carburetor needle 
valves are tipped with VITON fluoroelastomer, which wears 
like steel and seats like rubber... in a heat-fuel environ- 
ment that would digest ordinary rubber in a matter of 
months. VITON tips are manufactured to precision toler- 
ances ... will seat positively despite entrained dirt particles 
... will last thousands of miles longer than other materials. 
This precision VITON part is supplied by Vernay Labora- 
tories, Yellow Springs, Ohio. 


Frequently, as in this case, VITON is the only synthetic 
rubber that can perform reliably under conditions involving 
high heat plus fuels, lubricants, or hydraulic fluids. That’s 
why VITON is being used today for valve stem oil seals, 
accelerator pump cups. Other automotive applications in- 
clude transmission pump seals, rear axle pinion seals and 
spark advance tubing and diaphragms. Contact your rubber 
supplier for more information, or write E. I. du Pont de 
Nemours & Co. (Inc.), Elastomer Chemicals Department 
SAE-10, Wilmington 98, Delaware. 


VITON 


16. 6 nan OFF 


SYNTHETIC RUBBER 


Better Things for Better Living . . . through Chemistry 
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Strict conformity to customer’s — rate of deflection; ability 


to carry the required load at the proper height; uniformity of 
metallurgical structure—these are elements of Eaton chassis spring 
excellence that, in contemporary parallel-with-the-road vehicle de- 
sign, are more important than ever before. 


Eaton advancements in metallurgy, testing techniques, and suspen- 
sion design are making important contributions to spring life, to 
dependability, and to smooth, stable ride. Today’s research will 
provide an even better ride for the vehicles of tomorrow. 


Two Eaton spring plants—the Spring Division in Detroit and the 
Spring Perch Company (wholly owned Eaton Subsidiary at Lack: 
awanna)—are strategically located for both economical procure- 
ment of raw materials and prompt service to our customers, 

Eaton engineers will welcome an opportunity to discuss your 
spring and suspension problems, and to work with you in the 
production of prototypes and test samples. 


OTHER EATON SPRING PRODUCTS: Engine Valve 
Springs, Spring Steel Stampings, Wire Forms, Flexible Con- 
trol Wires, Rotary Mower Blades, Engine Mount Springs 


———— SPRING DIVISION 
ATON MANUFACTURING COMPANY 
9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 


... Your partner in progress through research... 
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VERSATILITY 
That's the Beauty of 


oat 
CoLX VV COLUMBIUM-TREATED CARBON STEEL 


CUTS DEAD WEIGHT 10% IN NEW 


CH 


Bringing important new economies to rail shipment of automobiles, this new tri-level auto 
carrier holds twelve standard cars or mixed loads of 14 standards and compacts. Capacity is 
increased up to 75%. A unique system of hydraulically positioning the vehicles on three levels 
gives a clearance of only 16 feet 8 inches, permits use in areas formerly limited to bi-level unit 
operation because of clearance requirements. @ Key feature of the Multi-Car Carrier is the 
movable decks on which the cars ride. Made of GLX-W columbium-treated steel, the decks are 
raised and lowered by built-in hydraulic lifts, actuated by a portable power unit. Here light 
weight was essential, in order to reduce the operating power requirements. Yet great strength 
was necessary, too, to support the payload. Finally, design of the decks called for eight bends 
in each section. So formability was also a must. ¢ GLX-W met and exceeded all these require- 
ments. It gives 50-100% greater strength than mild carbon steel, so builder Whitehead and 
Kales could get the required strength with less weight. Deck operating units need less power, 


Great Lakes Steel is a Division of 


SAE JOURNAL, OCTOBER, 1961 





Multi-Car Carrier built by Whitehead and Kales for Multi-Car Corporation, Detroit, Michigan 


TRI-LEVEL AUTO CARRIER 


and total weight is reduced approximately 5,000 pounds or 10%. Production 

is more economical, too, because the ductility and formability of GLX-W 

permits four of the bends in the deck to be performed in one press operation. @ 

The GLX-W series of high-strength steels consists of fine-grained, semi-killed 

mild carbon steels, treated with varying amounts of columbium. The high 

strength of GLX-W permits designers to reduce the amount of steel and effect Re 
considerable cost savings when replacing mild carbon steel. GLX-W steels have PENDING 
a low carbon content and are readily weldable and formable. GLX-W steels 

are available at four minimum yield strength levels: 45,000, 50,000, 55,000 and A PRODUCT OF 

60,000 p.s.i. and in sheets, plates and bars. For complete technical information, C7 

write Great Lakes Steel Corporation, Product Development, Dept. SAE-9, REAT LAKES STEEL 
P. O. Box 7310, Detroit 2, Michigan. Detroit 2, Michigan 


NATIONAL STEEL CORPORATION 
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Nation's largest manufacturer of 
heavy-duty and specialized engine parts— 


NeW GOULD-NATIONAL 
ENGINE PARTS DIVISION 


In creating its new Engine Parts Divi- 
sion, Gould-National combined under 
one corporate roof the brands, products, 
services and facilities of these wholly- 
owned subsidiaries: 


Wilkening Manufacturing Co., Philadelphia, 
manufacturers of Pedrick® piston rings 
and castings. 


White Machine Works, Eau Claire, Wisconsin, 
manufacturers of Superior-Arrowhead 
cylinder sleeves, sleeve assemblies, pis- 
tons, piston pins, Burd piston rings, valves 
and valve train parts, foreign car engine 
parts and filters. 


Gillett & Eaton, Lake City, Minnesota, piston 
and casting specialists of cast iron, alu- 
minum alloy, Vanasil® aluminum alloy 
pistons and specialized engine parts. 


Arrow Head Steel Products, Howell, Michigan, 
manufacturers of aluminum pistons, con- 
necting rods and other castings. 


Now, Gould-National, thenation’slargest 
producer of automotive replacement bat- 
teries, is also the nation’s largest basic 
manufacturer of heavy-duty and spe- 
cialized engine parts. The Division is 
the largest one stop source for the most 
complete line of engine parts available 
from one manufacturer. It is the only 
engine parts manufacturer with both iron 


and aluminum casting and machining 
facilities. 

By utilizing the efforts of one combined 
sales force, the customer will benefit from 
greater sales-service efficiency, more con- 
centrated field coverage. 


Product improvement will result from the 
formation of a special team in the Gould- 
National Engineering and Research staff. 
It is the Gould-National way of assuring 
continuing top quality and improved 
product performance. 

New engineering developments, manu- 
facturing and production techniques from 
all areas within the Division will benefit 
all customers, no matter what the prod- 
uct may be. 


This is the Gould-National Engine Parts 
Division—the nation’s newest parts 
manufacturing group with over two cen- 
turies of combined experience. 


Need heavy-duty engine parts? Automo- 
tive engine parts? Foreign car engine 
parts? Parts for such specialized ap- 
plications as air and refrigeration com- 
pressors? Need complete and modern 
facilities for aluminum and iron castings? 
If your specifications call for the best of 
these, if you need them fast and need 
them right .. . turn to... 


Superior-Arrowhead and Burd are trademarks of Gould-National Batteries, Inc. 


ENGINE PARTS DIVISION 
GOULD-NATIONAL ectrt™enries, Inc. 


St. Paul 1, Minnesota 
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@ each coupon book buys $15.00 worth 
of SAE meetings papers and General 
Publications; it costs $13.40. Each 
coupon is worth 75¢. 


@ each book is good for a minimum of 
two years. 


@ coupons will be accepted at National 
Meetings or with mail orders for 
SAE meetings papers and General 
Publications. 


@ coupon books save you time and trouble. 


(It is requested that cash or check accompany your order for coupon books) 
Add 3 city sales tax for deliveries in N. Y. C 


GENERAL PUBLICATIONS DEPT. 
Society of Automotive Engineers 
485 Lexington Avenue 

New York 17, N. Y. 


Please send me SAE coupon books at $13.40 each. (Check) (Cash) for .... is enclosed. 
Name 

Company Name 

Company Address 


SAE JOURNAL, OCTOBER, 1961 





CYCLEWELD CHEMICAL PRODUCTS DIVISION, CHRYSLER CORPORATION 


SEE WHAT RUBBER-BASE ADHESIVE CAN DO? 


This is the housing of an automotive torque converter. It’s 
joined to the output shaft by a thin film of thermoset cement. 


The converter has just undergone torsional tests that 
wrecked its mechanical parts—with no effect whatever on the 
metal-to-metal bond. This bonding job is an achievement of 
Cycleweld Chemical Products Division of Chrysler Cor- 
poration. 


A similar cement, made of nitrile rubber and Durez® 
phenolic resin, cut the cost of assembling an all-aluminum 
truck tailgate by eliminating 211 rivets and 42 welds. 


Other heat-setting cements that marry rubber and phenolic 
resin show promise for: 


@ building new strength and quietness into car doors, deck 
lids, and hoods by edge-bonding instead of tack welding. 


® attaching metal trim without drilling holes. 


DUREZ PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION, 8110 WALCK RD., NORTH TONAWANDA, N.Y. 
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@ easy-to-cast aluminum engine heads and intake manifolds, 
made in two sections bonded together with a leakproof, 
heatproof seal. 


If you have a tougher-than-usual bonding problem—or 
expect to have one—now’s the time to see what a rubber- 
phenolic adhesive can do for you. We'll be glad to put you 
in touch with people who make such adhesives. 


We don’t make these adhesives. We just supply some 
of the basic ingredients—phenolic resins that influence 
the qualities a good structural adhesive must have. 
Permanent, rigid set. Controlled tack. Heat resistance. 
Precise sameness from batch to batch. Good storage 
stability. Many superstrong adhesives are the result of 
teamwork between rubber chemists and Durez resin 
chemists backed by 40 years of experience. 
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+ INDEX TO ADVERTISERS + 


A 
AiResearch Industrial Div. 
AiResearch Mfg. Corp. 
American Standard Controls Div. 
Armco Steel Corp. 152, 


Automotive Gear Div. 
Eaton Mfg. Co. 


B 
Bearings Company of America 
Bethlehem Steel Co. 


Borg & Beck Div. 
Borg-Warner Corp. 


Bower Roller Bearing Div. 
Federal-Mogul-Bower Bearings, 
Inc. 
The Budd Company 148, 
Bundy Tubing Co. 


Burton Auto Spring Co. 


© 
Chicago Rawhide Mfg. Co. 


Chicago Screw Co. 
Div. Standard Screw Co. 


Continental Motors Corp. 
Copperweld Steel Co. 


Dana Corp. 


Delco Radio Div. 
General Motors Corp. 


Doehler-Jarvis Div. 
National Lead Co. 


Dow Chemical Co. 


E. I. du Pont de Nemours & Co., 
Delrin 


Elastomers Div. 


Eaton Mfg. Co. 
Axle Div. 


Automotive Gear Div. 
Spring Div. 


Enjay Chemical Co., Div. of 
Humble Oil & Refining Co. 
Buton 


Escon 
Evans Products Co. 


173 
149 
8, 9 
187 


22 
141 


(Inc.) 
12, 13 


178 


F 


Federal-Mogul Div., Federal- 
Mogul-Bower Bearings, Inc. 


Fram Corp. 


Fuller Transmission Div. 
Subsidiary Eaton Mfg. Co. 


Furane Plastics, Inc. 


G 
Garrison Mfg. Co., Inc. 
Goetzewerke 
B. F. Goodrich Aviation Products 
Gould-National Batteries, 


Inc. 182, 


Great Lakes Steel Corp. 


H 


Harrison Radiator Div. 
General Motors Corp. 


Hartford Machine Screw Co. 
Div. Standard Screw Co. 


Hooker Chemical Corp. 


I 
International Nickel Co. 


K 
Kelsey Hayes Co. 
Keuffel & Esser Co. 
Kohler Co. 
Koppers Co., Inc. 


L 
Lipe Rollway Corp. 


M 
McQuay-Norris Mfg. Co. 
MATHER 


Mechanics Universal Joint Div. 
Borg-Warner Corp. . 


Midland-Ross Corp. 
Molded Fiber Glass Body Co. 
Monroe Auto Equipment Co. 


N 
Nadella 


National Seal Div., Federal- 
Mogul-Bower Bearings, Inc. 


Newton Insert Co. 
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Palnut Co., Subsidiary 
United-Carr Fastener Corp. 130 
Perfect Circle Corp. 2nd Cover 


Phillips Chemical Co., Subsidiary 
Phillips Petroleum Co. 


Purolator Products, Inc. 3rd Cover 


R 


Raybestos-Manhattan, Inc. 
Adhesives Dept. 


Equipment Sales Div. 


Rockwell Standard Corp. 
Brake Div. 


Transmission & Axle Div. 
Universal Joint Div. .. 
Rohr Aircraft Corp. 
Ross Gear & Tool Co., Inc. 


Schlegel Mfg. Co. 

Screw & Bolt Corp. of America 
Sealed Power Corp. 

Sinclair Oil Corp. 

Stratofiex, Inc. 


T 
Timken Roller Bearing Co. . 4th Cover 
The Torrington Co. 155 


w 
Webster Electric Co. 
S. S. White Dental Mfg. Co. 


XYZ 
Youngstown Sheet & Tube Co. . 18, 19 
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OW) Auto Spring Corporation 


WESTERN AVENUE AT 48TH STREET *® CHICAGO 32, ILLINOIS 
Since 1923 we have manufactured automotive springs exclusively 


DYNAMIC PERFORMANCE 
AT ECONOMICAL COST 


ZOLLNER 
ENGINEERED 


*%& FOR HIGHEST WEAR RESISTANCE 
*% FOR COOL OPERATION 

* FOR MINIMUM OIL CONSUMPTION 
*& FOR MINIMUM WEIGHT INCREASE 
*& FOR ECONOMICAL COST 


A Superbly Designed Piston with... 
.»» CAST ANCHORED TOP RING ee TON 


toe 90 Og, 
ny g, 
pe pintle 


ZOLLNER CORPORATION + FORT WAYNE, IND. 


FOUNDRY 
DIVISION 


| HEAVY DUTY 
- ; PISTONS 


a 
PRECISION PRODUCTION FROM ENGINEERING TO FOUNDRY TO FINISHED PISTONS 





PT 
AIR FILTER 


an element here , 


and an element here 
sect diansennpenueneionatainneaiciynntinaliiil aii 


assures 99.987 
filtration efficiency 
even when 1 element 
is out of operation 


IT’S THE NEW PUROLATOR TWO-STAGE FILTER 


Simplicity of design makes the first cost of Purolator’s new 
dry-type two-stage filter as low as any two-stage filter on 
the market. Each element filters independently, and together 
they dustproof your engine as no other filter can . . . 99.98% 
efficient. 

Users save money and get better engine protection from 
this new Purolator filter, too. The first stage element will 
last up to 2000 hours, depending on operating conditions. 
The second stage will usually last almost indefinitely if the 
first element and sealing gaskets are maintained properly. 

Another big user-advantage is the way the two-stage 
design protects the engine despite accidental mishandling 
of the element. Even if the first stage element is damaged, 
the chance of harming the engine can be discounted when 
it is protected with the second stage back stop element. 
In addition, the second stage element lets the operator 
service the unit in the field, regardless of how dusty the 
conditions are. 


Purolator Products, Inc. 
Dept. 3896, Rahway, New Jersey 


Please send me complete data on the new Purolator two-stage filter series. 


Nome Title 


Company 


Both elements filter uniformly, in depth, over their whole 
surface, because they're both precision made of plastic 
impregnated cellulose. This series of two-stage filters is 
rated from 450 to 1150 cfm, with exceptionally low initial 
restriction. Mounting straps, rainhoods and outlet adapters 
are available. 

For more information write to Purolator Products, Inc., 
Department 3896, Rahway, New Jersey. 


Filtration For Every Known Fluid 


PUROLATOR 


PRODUCTS, INC. 
RAHWAY, NEW JERSEY AND TORONTO, CANADA 
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Small planes get the airline pitch 


1. TAKE OFF 


mS 


3. FULLY 
FEATHERED 


from Hartzell and Timken® steel 


lo help make executive and private aircraft as “all- 
weather” as the airlines, Hartzell Propeller Company de- 
signed a constant-speed propeller with full feathering and 
reversible pitch. Short field landings are no problem. Exec 
ultives can \ und at a more convenient airport in many c ities. 
The resemblance to the big transports doesn’t stop 
there. To get the right aire raft quality steel for the 
propeller hubs, Hartzell engineers came to the Timken 
Company. Timken® fine alloy seamless steel tubing is 
known for its cleanliness. And the metallurgists who make 
it are known for coming up with the best solution to tubing 
problems. Timken 4140 steel tubing of aircraft quality is 
cleaner. The propeller hubs can be made light yet strong. 
And Timken steel tubing cuts rejections because of its 
uniform response to heat treating. Every part is up to 


specification. Due to this consistent performance, Hartzell 

now specifies Timken quality steel for their forgings. 
Timken Company metallurgists have been finding solu- 

tions to tough steel problems for over forty years. They’re 

specialists in specifying the right mec hanical tubing to 

keep costs and rejects down. If you have a steel proble m, 

why not call on the Timken C ompany? ? Our experts will be 

glad to work with your engineers and designers. The 

Timken Roller Bearing ny ve 

Company, Steel and Tube ‘U'§ N/ 

Division, Canton 6, Ohio. iva 

Cable: ““Timrosco”’. Makers . nave ALLOY 

of Tapered Roller Bearings, ArT 

Fine Alloy Steel and Remov- it fe 

able Rock Bits. i Bhd 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN MORE THAN 40 CITIES IN THE UNITED STATES 
Call on us at the National Metal Exposition, Cobo Hall, Detroit, October 23-27, Booth 739. 











